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INTRODUCTION 


The modern American home is a humming and clanking 
complex of hydraulic, electrical and mechanical systems. 

It needs a lot of care to keep it running smoothly—and to 
keep the costs of running it from going out of sight. The 
purpose of this book is to help you achieve more comfort 
and convenience, at less cost, by taking over household 
maintenance and repair jobs that anyone can do safely 
and efficiently. 

An understanding of how things work is fundamental 
to being able to fix them. Every article in this book begins 
with words and pictures that describe, with the aid 
of specially commissioned drawings, how the machines 
around you do their jobs: how air or liquid or electricity 
flows, how pipes or wires or gears fit together, how one 
part of a machine causes another part to move. Other 
illustrations and text explain how to disassemble things, 
replace parts and make adjustments. And troubleshooting 
charts provide a concise review of likely problems by 
listing symptoms, causes and solutions. 

There are, of course, limits to the average homeowner’s 
capacity for coping with the increasingly complicated 
devices of contemporary life. Radio, television and 
telephone repairs, for example, are not included in this 
book because they require expensive instruments and an 
intimate knowledge of electronic circuitry. But you will 
find that you can do certain essential, money-saving jobs 
even on some complex mechanisms, for even the most 
intricate contain relatively simple components. While 
only a qualified service technician should work on the oil 
burner in a furnace, the detailed description of how the 
burner works will help you make adjustments in other 
parts of the heating system. In every case, this book will 
tell you what you can do —and, equally important, it will 
also tell you what you should not do. 
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Understanding Them: 

The Key to Keeping Things Going 


A prize for the all-time champion household 
mechanical mystery should probably go to 
Barbara Peters, who lives in California. Her 
new refrigerator apparently leaked—but only 
at night. When she came downstairs each 
morning, she would find a puddle of water on 
the floor in front of it, but she could never 
detect anything dripping. Twice she called in a 
repairman who studied the machine, tinkered 
a bit, expressed bewilderment and left. The 
puddles continued to appear—until the night 
Barbara went into the kitchen and discovered 
her Great Dane licking an ice cube on the floor. 

Suddenly that little bulb lighted above Bar¬ 
bara’s head. Her refrigerator had an automat¬ 
ic ice maker that dispensed ice cubes from a 
niche in the outside of the door. Her dog had 
learned that if it pressed a dispenser bar in 
the niche with its nose, out would tumble two 
refreshing ice cubes. The dog was satisfied 
with just one, leaving the other to produce an 
infuriating puddle. The solution? Keep the 
Great Dane out of the kitchen at night. 

Most problems with household machines 
are far less exotic but no less baffling to the 
uninitiated. A faucet begins to drip. Why? And 
what to do? Why does the clothes washer go 
gurgle but not whir? What do you do about a 
fuse that keeps blowing? How do you prevent 
a flood when a pipe springs a leak at midnight 
and no plumber is to be found? 

The truth is that mysteries of many kinds 
lie concealed among the everyday surround¬ 
ings of your household. A house is a complex 
life-support system, and it has been growing 
more complex over the years. The typical 
American home today contains some 100 ma¬ 
chines— using the term broadly, but accurate¬ 
ly, to include such mechanical devices as light 
switches and sink-stopper mechanisms. It has 
far more wiring, plumbing and temperature 
controls than its predecessor of a generation 
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ago. And the components of these major me¬ 
chanical systems are themselves frequently 
more complex—fancy water-mixing valves re¬ 
placing simple faucets, for example, or mul¬ 
tiple chimes in place of old-fashioned buzzers. 

Nowhere is the growing complexity more 
manifest than among electrical appliances. 
Take the refrigerator. Not many years ago it 
was an uncomplicated machine whose only 
moving parts were a motor and a compressor. 
The economy-model refrigerators today have 
seven operational components; the frost-free 
luxury model with a butter-storage drawer, au¬ 
tomatic ice maker and other features may have 
60 or more major components, including mul¬ 
tiple motors, thermostats and heaters (yes, 
heaters—to melt frost and keep butter soft). 

Other appliances follow a similar trend to¬ 
ward increasing complexity. And the average 
house has many more kinds of appliances— 
from dishwashers to electric carving knives 
— than it did a decade ago. 

l\lew materials that make repairs easier 

To be sure, the growing complexity has been 
offset in part by other trends. Many systems 
and components have been simplified. It is eas¬ 
ier, for example, to work with flexible copper 
tubing than with galvanized iron pipe—easier 
still to use plastic pipe that needs only glue. 

The amateur electrician can handle plastic- 
coated electric cables with fewer tools and 
less effort than required for the older steel- 
armored cables. Devices like snap-on electri¬ 
cal plugs make certain minor repairs possible 
without the use of so much as a screwdriver. 

Moreover, materials and parts are more 
readily available than they have ever been be¬ 
fore. Many stores specialize in equipment for 
the home repairman, and some big supply 
houses that once dealt exclusively with pro¬ 
fessionals are now glad to serve the amateur. 


Nevertheless, complexity and mystery are 
facts of domestic life, and many homeowners 
feel both frustrated and foolish in their inabil¬ 
ity to cope with everyday household machines. 
Paradoxically, everyday things become mys¬ 
terious precisely because they are taken for 
granted. A refrigerator, for instance, does the 
routine job of keeping food cold, but its oper¬ 
ations are so ordinary and its machinery is so 
well concealed that there is no obvious clue 
to how it works —or what steps should be tak¬ 
en when it mysteriously stops working. 

Much of the mystery disappears once you 
understand the hows and whys of machinery. 
You cannot fix a faucet if all you know is that 
water goes in here and comes out there. But 
the details of the way a faucet controls the 
flow of water (pages 70-79) will help you to dis¬ 
assemble it, replace worn parts and put it back 
together in working order. With an idea of the 
basic principles, you will not be doing things 
by rote, but in the purposeful way that comes 
from understanding just how the things you 
do affect the machine as a whole. 

Attacked this way, most household prob¬ 
lems can become surprisingly straightforward. 
More important, they become responsive to 
the repair efforts of a homeowner who has no 
more than average mechanical skills. 

No special knowledge or complex tools are 
needed to carry out the repairs described on 
the following pages. Safety precautions are 
given when necessary, but care and common 
sense are essential for even the simplest jobs. 
All procedures follow applicable electrical and 
plumbing codes, and none requires permits or 
licenses. When repairs need professional at¬ 
tention, the instructions say so. 

Most of the machinery that is likely to be 
found in an American home—from water heat¬ 
er to attic fan—is included. But photograph¬ 
ic and electronic equipment—television sets, 
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cameras, telephones, stereos —are excluded 
because working on them requires rather costly 
test instruments, an investment hardly worth¬ 
while for an occasional repair job. Nor are there 
instructions for working with equipment that 
is usually built into a house—in-the-wall wir¬ 
ing, doors or windows. With experience, you 
can go further in maintaining home machinery 
than the steps in this book. What follows is 
basic knowledge—but enough to make a big 
difference in keeping the things in your home 
working steadily, smoothly and economically. 

Taking a calm and methodical approach 

Fixing things does require a calm, purposeful 
survey and a systematic, organized approach 
to the task at hand. It is possible to storm into 
a job with both fists swinging and complete it 
successfully, but the most likely outcome of 
that approach is a botch. You have to estab¬ 
lish not only what is wrong, but also what is 
not wrong; and you have to avoid tampering 
with parts that are doing their jobs. And when 
you run into a real crisis—water cascading 
down a staircase or smoke pouring from a 
clothes-washermotor—the calm, prepared ap¬ 
proach takes emergencies out of the earth¬ 
quake class. If you know where the water 
shutoff valve is, you can halt the flood; if you 
have circuits labeled, you can instantly know 
which fuse to pull or which circuit breaker to 
switch off. Then you have time for the essential 
process of analysis. 

A case in point is the true story of Sam 
Halper, whose dishwasher broke down one 
evening. When it began to make horrible grind¬ 
ing sounds, he turned it off. Then he emp¬ 
tied the racks of dishes, looked for stray forks 
or pieces of china down in the bottom of the 
machine—there were none—and hopefully 
turned the washer on again. It still crunched 
and ground away. 


At this stage, Sam Halper had to choose be¬ 
tween unbolting things in the machine—and 
washing dirty dishes —or a big repair bill for 
something he himself might be able to fix. Sam 
gathered wrenches, screwdrivers, a trouble 
light and his dishwasher owner’s manual, 
which contained a parts guide showing the 
whole machine in an exploded line drawing. 

He knew his service panel, and started by 
unscrewing the dishwasher fuse. Then he rea¬ 
soned with himself. The machine was getting 
water; he could hear it coming in. The water 
was draining; he could hear that, too. It 
crunched and groaned as the water sprayed 
about the interior with a familiar roaring 
sound. Something that moved the water inside 
the machine had to be the cause of the trou¬ 
ble. There was a rotating spray arm at the bot¬ 
tom, held in place by a single plastic nut. Sam 
unscrewed the nut, removed the spray arm, re¬ 
placed the fuse, closed the door and started 
the washer. Still the noises. 

Sam realized that he would have to go deep¬ 
er. He removed the fuse again. Underneath the 
spray arm was a large plastic housing cover¬ 
ing something that the diagram labeled “im¬ 
peller.” The impeller had fins, and after Sam 
had reflected for a moment, it became clear 
that it rotated too, forcing water through a se¬ 
ries of slots in the housing. The diagram 
showed that two bolts held the housing in po¬ 
sition. Carefully, Sam unscrewed the bolts and 
laid them next to the spray arm and its nut. (He 
put them all down in exactly the order in which 
he had removed them, so he would know how 
to put them back.) Out came the housing, ex¬ 
posing the impeller. It did not look broken. He 
probed with a finger between its blades. 

Something small, hard and irregular was rat¬ 
tling between two blades. He fished it out —a 
fragment of china. Could that have been the 
cause of trouble? Scarcely daring to hope, Sam 
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reassembled everything carefully. He screwed 
the fuse back in, drew a deep breath and turned 
the machine on. It worked. 

Sam Halper glanced at his watch. He had 
envisioned hours of frustrating wrestling with 
the machine. Yet the entire business had taken 
27 minutes. He calculated. A service call, he 
figured, would have run at least $35. “Let’s 
see . . . that makes me worth better than seventy 
bucks an hour,” he announced. 

In one way, Sam was lucky: his owner’s man¬ 
ual happened to have clear illustrations to 
guide him— and he had saved the manual. 

But he had some acquaintance with the atti¬ 
tudes that make up the service technician’s 
seemingly arcane knack. What had guided him 
through a potentially costly situation was a set 
of basic principles that can be stated as axioms: 

■ Take precautions before working on any¬ 
thing: shut off water or electricity, or both. 

■ Look first for the simple solution. A surpris¬ 
ing number of machine failures result from 
nothing more serious than a loose plug, a 
blown fuse, tripped circuit breaker or broken 
cord. Many others are caused by doors that 
have not been fully closed, so that safety 
switches prevent the appliance from operating 
(driers, dishwashers, clothes washers and mi¬ 
crowave ovens are among the machines so pro¬ 
tected). Still other failures happen when dials 
are not quite turned to the on position, even 
though they appear to be. 

It never hurts to jiggle a plug or a door, or to 
nudge a dial forward a fraction of a turn (but 
only a fraction —timing controls are easily 
damaged by manual turning when the power is 
on). There is even something to be said for giv¬ 
ing a balky machine a swift kick or—if it is too 
small to kick—a sharp rap. The story still cir¬ 
culates that a manual supplied with an early 
British radar system of World War II gave 


Electrically powered appliances such as those pic¬ 
tured here transformed the lives of housewives, 
icemen, launderers—and nearly everyone else— 
in the decades of electrification that followed the 
founding of the nation’s first public power compa¬ 
ny in San Francisco in 1879. A few of them, like 
the flip-down toaster and the piston-operated vac¬ 
uum cleaner, worked by principles that—to the re¬ 
lief of those who remember using them—are now 
abandoned. But many others, including the com¬ 
plicated drum clothes washer at bottom right, pi¬ 
oneered basic systems that are still in use. 



A two-way vacuum cleaner 

The 1908-model vacuum cleaner above 
had a motor-powered piston that pushed 
a bellows in and out to generate a dust¬ 
eating air flow If the electricity failed, 
or the power line had not yet reached the 
house, the bellows could be operated by 
hand with, as the cleaner’s manufacturer 
advertised, no tax on the strength." 


14 










Crude or complex, efficient or balky, all the an¬ 
cestors of the sleek and shining appliances that are 
taken for granted today improved the quality of life 
in some way. Then as now. they eliminated much 
laborious drudgery and saved time for more en¬ 
joyable pursuits; they revolutionized marketing by 
permitting longer storage of perishable food; they 
banished the darkness of the night at the flick of a 
switch. And for all their lack of elegance, they 
pointed the way to the highly mechanized house¬ 
holds that are now an accepted part of daily life in 
many parts of the world. 


You could brown —or burn -two slices of 
bread at once, one side at a time, in the 
1913 electric toaster above. To turn a 
slice, you lowered the hinged rack away 
from the central heating element; the 
bread flipped over as it slid down 



A toaster for one side at a time 



When the coils were on top 

The “monitor-top” electric icebox [left] had 
its condenser coil and compressor out in 
the open It was noisy but amazingly dura¬ 
ble; last made in 1938, some were still in 
use almost five decades later 



A light bulb with one filament 

The single-filament lamp above, dating 
from about 1885, was better than Edi¬ 
son’s 1879 model, which had no screw 
thread and a bamboo filament instead of 
this one's tougher osmium or tantalum. 
Today’s tungsten lasts longer still. 



A washing machine with a wringer 

This 1912 washer was run by a motor that 
turned both drum and wringer with belts 
Hot water was poured in by hand and the 
wash was hand-fed to the wringer. But 
the device was a great advance over the 
old washboiler and scrubbing board 
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one simple order as the last step in trouble¬ 
shooting: “Kick hard.” The story may be apoc¬ 
ryphal, but the point is well taken. Especially 
with machinery containing cams and gears, 
two moving parts may simply have become 
jammed during an operating cycle; freed by the 
impact of a kick or a rap, they may never jam 
again. If the problem recurs, however, the 
trouble lies deep within and needs genuine re¬ 
pair—perhaps a wire has broken loose and is 
making only intermittent contact. 

■ Cultivate patience and try a systematic ap¬ 
proach. Do not hurry: if you try to do a repair 
job too quickly, you may never get it done. 
Read all instructions, chart the job beforehand 
and lay out all the tools you will need. 

■ Keep track of parts. Memorize the sequence 
in which they come out of the machine, and put 
them down in the same order. That way—and 
only that way—can you be sure of putting them 
back together exactly as they came apart. 
Watch for unexpected anomalies. Two neigh¬ 
boring bolts may not be quite the same length, 
though their threads are similar. There is prob¬ 
ably a reason. Be sure each bolt goes.back in 
exactly the place it came from. 

■ Know your own limitations.Learn all you can 
about a machine’s insides before you even be¬ 
gin to disassemble it. Otherwise, you may be 
unhappily surprised by odd objects that drop 
onto the floor or tiny springs that zing past your 
ear. You may never find those parts again; 
even more frustrating, you may find them but 
never figure out where they came from. 

If a warranty (page 19) is in force, think 
twice before undertaking repairs yourself. Vir¬ 
tually all warranties warn that any unautho¬ 
rized tampering will void the contract. Even if 
you are sure that your new electric drill is suf¬ 
fering from merely a defective brush you can 
easily replace, resist temptation. If the warran¬ 
ty clearly covers both parts and labor, take the 


drill back to the store at which you bought it. 
That is what warranties are for. 

■ Keep all papers. Sales slips, warranties, 
manuals and bills from previous repairs are all 
potentially valuable solutions to future prob¬ 
lems. If you have a taste for organization, put 
them in separate folders and file them alpha¬ 
betically; if you cannot be bothered, stuff them 
in a big envelope. But keep them together. 

When you do need help... 

There comes a time, however, when all your 
understanding and skill prove to be inade¬ 
quate and you are forced to call in a profession¬ 
al. On the average, service technicians make 
more than 100 million calls to American homes 
each year. Your difficulty, of course, is locating 
the right one. There is a genuine shortage of 
well-trained technicians, and the files of Better 
Business Bureaus and other consumer organi¬ 
zations throughout the country are crammed 
with complaints about shoddy service. 

Obviously, your best guide to the right tech¬ 
nician is the recommendation of a friend or 
neighbor who has had experience with a par¬ 
ticular individual. Lacking that, start with the 
store that sold you the machine. It may have its 
own service shop or, more likely, it will give 
you the names of firms that do installation and 
warranty work for it. 

Another good bet is any organization con¬ 
nected with the brand name of the machine: a 
factory-service outlet or an “authorized” agen¬ 
cy will be answerable to the manufacturer 
whose wares it services. 

There is always the unpleasant possibility, 
though, that you will not be able to find a tech¬ 
nician just when your need is greatest—as on a 
hot Fourth of July when the whole family is 
coming for dinner. The refrigerator is full of 
food, beer and soft drinks; you open it to get a 
tray of ice cubes for iced tea before company 
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How Long Will It Last? 


Some devices in the house last indefinitely [the 
50-year span for a mercury switch is conserva¬ 
tive), and as the graph below indicates, the life¬ 
times are not necessarily linked to cost. A 
sewing machine is little more expensive than a 
good power mower, but lasts five times as long; 
maker and buyer both know that a hardier power 


Appliance Timer 
Power Mower 
Toaster 
Refrigerator 
Electric Range 
Lavatory Faucet 
Sewing Machine 
Boiler 


mower would have to cost more than many peo¬ 
ple would be willing to pay. 

A few low-cost fixtures, bought for conve¬ 
nience—or quietness, like the mercury switch 
-offer a surprise bonus of great durability. And. 
of course, almost any appliance, whatever its 
cost, will last longer if cared for properly. 


Mercury Switch 

_I_ i i I I _I_I_I_ l _ i _ I 

YearsofLife 0 5 10 15 20 25 30 35 40 45 50 


arrives, and the tray holds only water. The re¬ 
frigerator has quit. No repair company answers 
the telephone and your dealer is closed. 

For such plights, many major manufacturers 
maintain toll-free telephone lines, generally 
called “hot lines” —but in one case called a 
“cool line,” presumably because it helps the 
customer keep his cool. When you call on a hot 
line, the employee on duty will give you the 
names and telephone numbers of service com¬ 
panies in your area that are available, as well as 
other information, such as where to get a ser¬ 
vice manual. Hot-line attendants are on duty 24 
hours a day, seven days a week, for emergen¬ 
cies. In addition, some hot lines are manned 
during regular weekday working hours by ex¬ 
perts who can answer technical questions— 
how to install machines and even make some 


repairs. Hot-line numbers appear in owner’s 
manuals, in the pile of stuff you get when you 
buy your machine, and are often advertised in 
newspapers. If you cannot find the number, 
call—free—800-555-1212. 

Some manufacturers and retailers offer a way 
to avoid the problem of finding and choosing a 
service technician. For a yearly fee, the com¬ 
pany issues a service contract that commonly 
provides an annual maintenance checkup, and 
unlimited service calls and repairs, including 
parts and labor without additional charge. It 
sounds attractive, but the economics of such 
arrangements demand close appraisal. A typi¬ 
cal clothes-washer contract offered by one re¬ 
tail chain costs 7 per cent of the machine’s 
price in the first year after the warranty ex¬ 
pires and increases yearly to a maximum of 25 


17 





















per cent. By the eighth year, you have paid 
enough to cover the price of a new machine. A 
full discussion of the pros and cons of these 
“insurance policies” is on page 257. 

Getting the best out of repair technicians 

No matter how you choose a repair company, 
your own knowledge of the machine will help 
you to deal effectively with the person the com¬ 
pany sends to your home. The more you know, 
the less likely you are to be deceived and vic¬ 
timized. Before the technician arrives, you may 
be able to get a pretty good idea of what is 
wrong and what is not. Of course, it can prove 
awkward or even disastrous to tell a technician 
his business: an untrustworthy or unquestion¬ 
ing individual may follow your instructions, 
whether they are right or wrong — then bill you 
for work that may not have solved the problem. 
But a technician will appreciate your attempts 
to be specific about symptoms. 

Before the technician begins work, come to 
an understanding on four vital points: 

■ Get an estimate of any major repairs —in 
writing, if possible—before authorizing the 
work. If the technician cannot provide an esti¬ 
mate without disassembling the machine or 
disconnecting pipes (and especially if the ma¬ 
chine must be taken back to the shop), make 
sure the technician understands that you want 
a firm estimate before the job is begun. 

■ Insist that the technician notify you immedi¬ 
ately if the cost will exceed the estimate —dou¬ 
bly important if the estimate was not written. 

■ Ask that replaced parts be given to you after 
the work is completed. They are evidence that 
the parts were replaced: unscrupulous techni¬ 
cians have been known to fix old parts and 
charge the customer for new ones. The only 
exception to this rule about return of defective 
parts should be made when the parts, under the 
warranty, must go back to the manufacturer. 


■ When the job is done, request an invoice 
itemizing all new parts and the cost of labor. 

You may feel reluctant about being firm in 
these matters. Maybe the technician is a pleas¬ 
ant individual who says, “Don’t worry; we’ll 
do the job right.” You hate to hurt his or her 
feelings by seeming to be distrustful. But it is 
good business to keep the relationship cordial¬ 
ly formal, particularly if the individual has 
never worked for you before. Then there will be 
no surprises when the bill is presented. And 
any repair service that values its reputation 
will not object; an unambiguous agreement 
benefits both parties in the long run. 

You should also, of course, deal fairly: service 
technicians have complaints about customers, 
too, and many of them are justified. As a bal¬ 
ance to shortcomings in service, consider some 
typical grievances voiced by repair companies: 

■ “The cost of everything has gone up, but you 
expect me to fix your machine for less money 
than you spend taking the kids to the movies.” 

■ “You called me because your refrigerator 
stopped, and I postponed another appointment 
to get here in a hurry. Well, it was only a loose 
plug. But I can’t charge you for the full value of 
my time without making you sore.” 

■ “I fixed the timer on your eight-year-old 
clothes washer. Three days later, you called me 
back, mad because the machine was broken 
again. It was, all right. But this time it was a 
valve that failed, and it didn’t have anything to 
do with the timer I repaired. Your machine is 
getting old and the parts are wearing out. But 
who do you blame? Me, of course.” 

■ “Sure, the thermostats on your range conked 
out a week after I installed it. Sure, the retailer 
will give me a new part. But your warranty 
does not cover labor—you ought to know that, 
if you read the warranty when you bought the 
range. It’s not my fault I have to charge you.” 










The Warranty: A Promise You Pay for 


Everything you purchase, from the fanciest, ful¬ 
ly accessorized appliance to the simplest mer¬ 
cury switch, has some kind of warranty that 
comes with it, even if there is nothing spelled out 
in writing. If there is a written warranty, look for 
it. Read it carefully. Know what it says. And take 
advantage of it. 

The terms guarantee and warranty are used 
interchangeably to mean a promise relating to 
performance. There are two kinds: an implied 
warranty (also called a warranty of merchanta¬ 
bility) and a written warranty. The first assures 
you that goods sold for a particular purpose will 
serve that purpose—that an appliance sold to 
wash dishes automatically will do so. and that a 
refrigerator will cool and safely store perishable 
foodstuffs. The written one generally states pre¬ 
cisely what the supplier will do—and not do—for 
the purchaser over a specific period of time 
if the product breaks down. 

Treat the written warranty just like a feature on 
the appliance itself. It costs the manufacturer 
money to fulfill warranty terms, and that cost is 
included in the price you pay. Therefore, it is im¬ 
portant to determine exactly what you are get¬ 
ting for your money. The terms of the warranty 
should be clearly defined. The Major Appliance 
Consumer Action Panel [MACAP), an industry- 
sponsored. consumer-oriented liaison organi¬ 
zation, has established a series of guidelines for 
warranties. To satisfy these requirements of 
MACAP, a warranty should clearly answer the 
following questions for the purchaser: 

■ Who is the warrantor? Is the name and ad¬ 
dress included on the warranty? 

■ Who is responsible for repairing the product? 
Is it the dealer? A service agency? The manu¬ 
facturer? Where is the service agent located? 

■ How long is the warranty in effect? Does it cov¬ 
er the entire product? Or only some of the in¬ 
dividual parts or assemblies? 

■ Who pays for what under the warranty? Parts? 
Labor? Shipping charges? Transportation ex¬ 
penses for the servicing agent? 


■ If a product cannot be used or has to be re¬ 
moved from the home because of a service 
problem, will a substitute product or service be 
provided? By whom? 

At the time of the sale you should complete and 
forward the product registration card that usu¬ 
ally comes with your purchase. Although it is 
generally not necessary to mail the card to val¬ 
idate the warranty, doing so will supply proof 
—along with your sales slip—of the date of 
purchase if the product needs to be serviced. 
Read the warranty at once and become familiar 
with its terms: do not wait until something goes 
wrong to refer to it. And keep the warranty 
where you can find it. 

Most written warranties distinguish between 
“defect" and “damage.” A defect is the warran¬ 
tors responsibility; damage is the customer's. 

A defect is any fault that exists in the product 
when it is sold, or that develops within a spec¬ 
ified time limit: within this period, the guarantor 
accepts the responsibility for fixing a defective 
appliance, as long as the defect does not stem 
from improper use. 

Damage is the result of improper treatment. 
For example, repeatedly overloading a clothes 
washer or neglecting to defrost the freezing 
compartment of a refrigerator can damage the 
appliance. Also, the effects of natural disasters 
such as flood, earthquake or fire, although be¬ 
yond the control of either purchaser or warran¬ 
tor. are always considered to be damage. 

If, after carefully following the terms set forth in 
the warranty, you are still not completely satis¬ 
fied with the treatment you and your appliance 
have received, you can start exerting your rights 
as a consumer through the various channels 
outlined on pages 20-23. 

During recent years, there has been some im¬ 
provement in the wording of many warranties, 
but still the best protection is careful scrutiny be¬ 
fore putting your money on the line. 



















The technicians are caught in the middle, 
beset on one side by customers who expect 
their home machines to work, and on the other 
by machines that have become increasingly 
difficult and costly to fix. 

More convenience, more complexity 

The dimensions of the repair problem have 
only recently begun to be appreciated. For con¬ 
sumers look with delight on devices that be¬ 
come more complicated with each new model. 
The complexities make possible extra conve¬ 
nience and usefulness, and they have not been 
unreasonably costly. In dollar value, in fact, 
appliances have been one of the better bar¬ 
gains industrialism has to offer. For more than 
two decades, the prices of appliances in gen¬ 
eral have gone up less rapidly than the con¬ 
sumer price index; over the long run, most 
appliance prices have actually declined. To¬ 
day’s appliances turn out many years of useful 
service—a range should last for 20 years, a 
freezer for 21 years. 

Yet there is much unhappiness in the land 
over the failure of machines to live out these 
hypothetical lifetimes—and the cost of coax¬ 
ing them into doing so. 

As the reliability of domestic machinery has 
become a public concern, the industry appears 
to be shifting slowly toward providing more of 
it. Modular components and systems for easy 
replacement have become widespread in the 
television industry, and this approach to de¬ 
sign is finding its way into a variety of small 
appliances. Manufacturers are also beginning 
to experiment with other ways of making their 
machines easier to service. In one name-brand 
clothes washer, for example, all the wires to the 
timer are now incorporated in one block that is 
fitted with a jack and just plugs into the timer. 

Meanwhile, machines fail, service techni¬ 
cians occasionally botch their work and, not 


infrequently, appeals to warranty protections 
are turned down on the basis of some phrase 
in the small print. Even then, there is no need 
to shrug and mutter about how much better 
things were in the good old days. You have 
many courses of action open. 

First, of course, raise the problem with the 
people who serve you directly: the storekeeper 
who sold you the machine, the technician who 
fixed (or tried to fix) it.They are valuable allies, 
not antagonists, for they are generally interest¬ 
ed in retaining your business. Yet the time may 
come when you cannot get satisfaction from 
the merchant who sold you a lemon, or from 
the plumber who did a terrible job. That is the 
moment to fight for your rights. 

Like fixing a machine, getting your rights 
need not be an intimidating or baffling process. 
Calm down, to begin with; put aside the justifi¬ 
able anger you may feel about having been vic¬ 
timized, and set about redressing your griev¬ 
ance systematically. Do not, for example, storm 
out of the store or repair shop shouting, “You’ll 
be hearing from my lawyer!” Starting out with 
a lawsuit is expensive overkill, and a bluff sim¬ 
ply undermines your credibility. 

With an appliance, the correct first step is to get 
in touch with the manufacturer or the com¬ 
pany's local service manager, if it has one. If the 
manufacturer maintains a hot line, call with 
your complaint. The hot-line attendant will 
pass it on to someone who can handle it. 

Or write a letter. There are methods here, too, 
that many people have found useful: 

■ Use a tone that indicates controlled determi¬ 
nation. Abuse is likely to get your complaint 
nowhere except into a wastebasket. 

■ Describe clearly the problem, and detail 
your attempts to get the machine repaired -or 
replaced. Include copies (not originals) of sales 
slips, repair bills and correspondence. 
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■ Address the letter to the customer relations 
department or the service manager. If you get 
no satisfaction, write to the president of the 
company. (If the firm has a hot line, you should 
be able to get his or her name from the atten¬ 
dant. If there is no hot line, call the company 
headquarters and ask the switchboard opera¬ 
tor. Or look up the name in a business directory 
in a library.) Send copies of your letter to as 
many officials—Better Business Bureau, con¬ 
sumer agencies —as you can think of, not for¬ 
getting the subordinate employee who failed to 
settle your complaint the first time. 

■ Some people use their company’s letter¬ 
head, feeling that the company they work for 
has more clout than they have as individuals. 

When you get nowhere with the people direct¬ 
ly involved—the dealer, the repair service, the 
manufacturer—you may have to seek outside 
help. You can try a variety of channels, most of 
which are of relatively recent origin: 

■ VOLUNTARY CONSUMER GROUPS have 
sprung up throughout the United States and 
Canada in recent years. Such private citizens’ 
organizations can bring the pressure of num¬ 
bers and publicity to bear on all the people who 
have not listened to you; moreover, their staffs 
know whom to turn to in business or govern¬ 
ment to deal most efficiently with problems. 
Some organizations advertise in local newspa¬ 
pers and are easy to reach. You can also obtain 
their names from the Office of Consumer Af¬ 
fairs, Department of Health and Human Ser¬ 
vices, Washington, D.C. 20201. 

■ GOVERNMENT CONSUMER OFFICES now 
exist at state or local levels in all of the 50 
states. These official consumer offices are 
mostly set up as branches of the state attorney 
general’s office, but many cities and counties 
run similar offices. They vary widely in re¬ 
sponsibilities and powers; some are advisory 


only, others have enforcement powers and can 
put an unscrupulous dealer or service com¬ 
pany out of business. In either case, however, 
you will be working with a government agen¬ 
cy; prepare yourself for the paper work and de¬ 
lays that go with even a benign bureaucracy. To 
help you find the office that can handle your 
problem most directly, the Department of 
Health and Human Services’ Office of Consum¬ 
er Affairs compiles a directory of official con¬ 
sumer agencies and even of the toll-free tele¬ 
phone lines that some of them maintain for 
complaints. The directory is available from the 
Superintendent of Documents, U.S. Govern¬ 
ment Printing Office, Washington, D.C. 20402. 
■ BETTER BUSINESS BUREAUS serve main¬ 
ly as mediators between business and the con¬ 
sumer, and can usually do little more than 
warn you in advance if a firm has been the sub¬ 
ject of complaints. For the record, though, and 
to help keep others from finding themselves in 
your particular predicament, you should call 
the local BBB if you have a serious complaint 
about a merchant or repair firm. 

M NEWSPAPER AND TV “ACTION LINES’’ in 
some communities investigate complaints of 
individuals who write to them. If an Action 
Line decides a complaint is justified, it asks the 
retailer, serviceman or manufacturer what he 
intends to do to correct the situation. Whether 
the customer wins or loses, the results of many 
such cases are publicized, and few businesses 
are willing to risk unfavorable notice. An Ac¬ 
tion Line often helps when other measures pro¬ 
duce no satisfactory result, 
a MACAP, which stands for Major Appliance 
Consumer Action Panel, was set up by the man¬ 
ufacturers and retailers of major appliances as a 
court of last resort in disputes between appli¬ 
ance owners and the industry. MACAP has es¬ 
tablished a reputation as genuinely impartial; 
in its first few years of operation, it handled 
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some 4,000 complaints annually and brought 
more than 85 per cent of them to a conclusion 
satisfactory to both sides. If you and the manu¬ 
facturer cannot resolve your problem, write 
directly to MACAP at 20 North Wacker Drive, 
Chicago, Illinois 60606. Remember, though, 
that MACAP deals only with major appliances: 
washers, ranges, refrigerators and the like. It 
cannot help with small appliances. 

If all else fails, two forms of last-resort action 
remain. Neither is a casual undertaking, but 
you may some day have no other recourse: 

■ ARBITRATION is used to settle consumer 
disputes in most major metropolitan areas. An 
impartial arbitrator, approved by both sides 
from a list of volunteers supplied by the Better 
Business Bureau, holds a hearing, considers 
the evidence and arguments, and renders a de¬ 
cision. Almost all states recognize the process 
as binding. Often the very suggestion of arbi¬ 
tration ends the argument. As a Better Business 
officer in California said, “Both parties sud¬ 
denly rethink their previously immovable 
opinions.” For more information, write the 
Council of Better Business Bureaus, 1515 Wil¬ 
son Boulevard, Arlington, Virginia 22209. 

■ SMALL-CLAIMS COURTS, found in most 
parts of the nation, are local courts in which 
people can sue without red tape or major ex¬ 
pense. Such courts are limited to cases involv¬ 
ing relatively small amounts —rarely more 
than $1,000. Neither party has to have a lawyer. 

Before you go to court, try to find out how the 
law can help you —and when it cannot. Any 
agreement between yourself and a repair ser¬ 
vice, whether written or oral, falls into a legal 
gray area. If the service turns out to be unsat¬ 
isfactory, you do not generally have any re¬ 
course unless you can prove that the technician 
worked without reasonable care, and that you 
suffered a monetary loss as a result. The mere 


fact that the machine still does not work after 
you have paid the bill does not indicate the 
absence of reasonable care. 

But if the plumber flooded the bathroom and 
ruined the ceiling of the room below, he has 
plainly failed to be reasonably careful, and you 
have strong legal grounds for refusing to pay; 
you may even be able to collect damages. 

Less ambiguous are the laws governing pur¬ 
chases. Apart from formal warranty certifi¬ 
cates, certain implied warranties hold both 
manufacturers and retailers accountable for 
quality. The consumer rarely has to prove that 
careless workmanship caused a product to fail 
prematurely; he has to prove only that it failed. 
These laws will generally cover advertising — 
printed or oral. Suppose, for instance, a sales¬ 
person tells you that the air conditioner you are 
about to purchase will function on the ordinary 
electric circuit in your house. You buy it and 
install it. only to blow fuse after fuse; it turns 
out, in fact, that the air conditioner requires a 
special heavy-duty circuit. Under the law, you 
have the right to demand a replacement that 
will work as represented. 

With luck and practical knowledge —mainly 
the latter—you will never have to go to court. 
For understanding helps avoid unhappy situa¬ 
tions that befall the mechanically innocent; 
you will know how to care for your household 
machines, when and how to fix them, when not 
to, and how to deal with professionals. 

This kind of knowledge not only means 
money in your pocket but also offers you the 
pleasure of making your house a friend rather 
than an uncertain ally. You will find that work¬ 
ing with your hands and with tools produces 
a special sense of accomplishment as you see 
the results of your own skill. Indeed, there are 
people who find these intangible satisfactions 
more valuable than the money they save. 
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A Troubleshooting Checklist 


When household equipment fails, you will solve 
your problem more easily if you adhere to some 
simple rules of procedure. Here is a checklistfor 
making repairs yourself, for dealing with a service 
company and, if necessary for obtaining your 
rights as a consumer. 


If you want to fix it yourself... 

■ Consult your warranty. If it remains in force, you 
may render it void by working on the machine. Let 
the retailer or the manufacturer make any repairs 
that are needed. 

■ Look first for the simple solution when you 
tackle any kind of trouble. The clothes-drier door 
may not be shut tight; the dishwasher dial may 
not be turned precisely to the “ON” setting; a 
fuse may have blown; or a plug may have worked 
loose in the socket. 

■ Take safety precautions. Before you begin 
working on your appliance, be sure to shut off the 
electricity to the circuit, or shut off the water at the 
appropriate valve-or both, if necessary. Take it 
easy. An excited and hurried approach is very like¬ 
ly to result in a botched job. 

■ Be systematic. Read all of the repair instruc¬ 
tions carefully. Diagnose the probable cause of 
the trouble by determining what the machine is 
still doing right. Then chart a course of action. 
Lay out all necessary tools before beginning to 
take things apart. 

■ Keep track of parts. Study the assembly before 
dismantling anything. Put each partdown in the 
order in which it came out of the machine. 

■ Know your limitations. If you are in doubt about 
your ability to repair an appliance, call for advice 
on the manufacturer’s “hot line.” To find out if the 
manufacturer has a hot line, call 800-555-1212. 


If you need professional help... 

■ Choose carefully. Call the retailer for a recom¬ 
mendation, or telephone the manufacturer’s hot 


line for a list of good repair services in your area Or 
ask the neighbors. 

■ ^ Reach agreement with the technician before he 
does anything. Make it clear that you will require an 
estimate of the cost in writing: your permission to 
proceed if the cost exceeds the estimate; a bill 
itemizing parts and labor when the job is complet¬ 
ed; and return of all parts that have had to be re¬ 
placed. A reliable service company will take the 
requests as a matter of course 

■ Be helpful but not bossy. Tell the technician how 
the machine has been behaving. If you think that 
you know what is wrong, suggest it to him. But do 
not tell him what to do. 

■ Be firm, fair and friendly. If something the tech¬ 
nician fixed does not stay fixed for a reasonable 
time, tell him so politely: a professional will be jeal¬ 
ous of his reputation. But do not blame him if he 
fixes one thing and something elsegoes wrong; 
that is probably not his fault. And remember, a 
good technician can be a useful ally in obtaining 
redress for inherent defects. 


If you have to demand your rights... 

a Telephone or write to the customer relations de¬ 
partment of the manufacturer if the retailer fails to 
satisfy your complaints. Give the machine model 
and serial numbers, the retailer’s name and ad¬ 
dress, and details of the problem. Enclose copies, 
not originals, of invoices and bills. If nothing hap¬ 
pens, write to the company’s president, by ordi¬ 
nary first class, not registered, mail. If he is away, 
registered mail may wait. 

■ Consult voluntary or governmental consumer 
protection agencies if the manufacturer’s re¬ 
sponse is unsatisfactory. You can obtain the ad¬ 
dresses of such agencies by writing to the Office of 
Consumer Affairs. Department of Health and Hu¬ 
man Services. Washington, D.C. 20201. Or appeal 
to the Action Line conducted by a local newspaper 
or broadcasting station. 

■ Go to court. As a last resort, take your case to a 
small-claims court. You will not need a lawyer. 
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When you watch a professional craftsman at 
work, he seems quickly and effortlessly to ac¬ 
complish tasks that you must strain to com¬ 
plete, less satisfactorily, in a much longer time. 
A few quick twists of the screwdriver and a 
whole panel comes free; you remember that it 
took you a half hour of turning, prying and jig¬ 
gling with several tools the last time you tried 
to get the thing off. The secret advantage lies 
only partly in superior skill and knowledge, 
important as they are; the professional’s tools 
make a big difference as well. 

That much of the professional’s secret you 
can buy at the hardware counter. You will not 
need everything in his tool box; a modest kit 
(pages 26 - 33 ) handles most general work, and 
a few extras are needed for plumbing (pages 
48 - 51 ) and wiring (pages 136 - 137 ). But any job 
is done better, faster and easier if you have 
tools that are of good quality, suited to the job 
at hand and well maintained. 

Quality in a tool is determined by the process 
used to make it and by the material from which 
it is made. The shape of the tool and the care 
used in its assembly are also important; a 
screwdriver that is made of the best metal 
will not work well if the flat sides of its blade 
are not parallel, forcing it to jump out of a 
screw slot, or if the handle wobbles. 

Most metal tools are made by either casting 
or forging. In casting, molten steel is poured 
into a mold where it cools and hardens. As it 
cools, it forms crystals that arrange themselves 
at random and are not bonded tightly enough 
to resist strong bending forces or heavy im¬ 
pacts. A hammer with a cast-steel head may 
chip easily. It can quickly become useless, and 
the chips can be dangerous as well. Those 
made by the the process called drop forging 
are more expensive than cast tools but are also 
stronger, longer-lasting and safer. They are 
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made from steel ingots, heated and rolled so 
that their crystals are aligned in orderly fash¬ 
ion, then pounded to align the crystal grains to 
resist the forces of use. Most tools made by this 
process are stamped “drop-forged.” 

Another way you can recognize quality is to 
look for a tool that is well finished. If the 
appearance indicates the manufacturer was 
proud of his work, chances are he had reason 
to be. Sometimes this pride will be reflected in 
polished, even chrome-plated surfaces. Wood 
parts will be smooth and carefully enameled or 
varnished. Balance and “feel” are important; 
the tool should seem moderately heavy but 
comfortable to hold when you heft it, like a nat¬ 
ural extension of your arm and hand. 

There are also some specific things to look 
for in certain kinds of tools. The tip of a screw¬ 
driver blade should be square and the flat 
sides of the blade almost parallel; the shaft 
should extend well into the handle. The nut on 
an adjustable wrench should move easily, as 
should the drive on a ratchet. The more clicks 
a ratchet makes while turning, the easier it will 
be to use, because it can be moved through a 
wider arc in confined spaces. A saw blade 
ought to be thickest at its cutting edge so that 
it will not bind while cutting. 

Handles must be fixed tightly. For hammers, 
they are best made of straight-grained hicko¬ 
ry, tubular or forged steel, or fiberglass; cast 
handles, especially those lacking rubber grips, 
can transmit the hammering impact to your 
arm and give you the carpenter’s version of 
tennis elbow. The handles of good pliers 
should curve to fit snugly into the palm of your 
hand when gripped. 

Even the best quality tool is no good if it is un¬ 
suited to the job at hand. It must be the right 
type and, equally important, the right size. 

The screwdriver (page 26) is the most fre¬ 


quently abused tool in the kit. Using it on 
a screw that it does not fit can damage the 
screw and the screwdriver blade. It is made to 
withstand twisting force, not levering force, 
and the shaft will bend and the blade chip if it 
is used strenuously in place of a pry bar. 

Pliers (page 26) are meant only to hold a part, 
not to turn it. Their rough-edged jaws chew up 
metal if you try to apply turning force. 

Socket wrenches (page 27) are made up to fit 
nuts and bolts of specific sizes. A socket that 
is too small will not work at all, of course, but 
one too large is equally worthless. It will slip 
and round off the corners of the nut, making it 
impossible to remove. For nuts and bolts that 
do not fit your sockets, use an open-ended ad¬ 
justable wrench. Always pull on the adjustable 
wrench in the direction of its jaw opening, so 
that most force is exerted on the fixed jaw, 
which is stronger than the adjustable jaw. And 
be sure that the jaws fit tightly around the nut 
or bolt; otherwise the tool may slip and show 
you why wrenches of this type are given the 
nickname “knuckle buster.” 

Storage and maintenance 

Using the right tools with the right techniques 
is the best way to make tools last, but they also 
need careful maintenance. Keep unused tools 
covered with a thin coat of light oil by putting 
a few drops on a clean rag and wiping it over 
the tool. A couple of drops of oil should also be 
dripped on the moving parts of tools such as 
locking-grip pliers and adjustable wrenches. If 
rust does gain a foothold, it can be removed 
with steel wool and a few drops of oil. Protect 
the edges of cutting tools by storing them so 
that they will not bang against other tools. 
Hang them on nails or pegboards, or if you 
must keep them in a drawer, wrap each in a 
protective cloth. Finally, be sure to clean your 
tools thoroughly after using them. 
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A BASIC TOOL KIT 

The equipment depicted and described on these 
and the next six pages will provide a maximum of 
versatility for a sensible expenditure It includes 
only tools that are considered indispensable rath¬ 
er than merely desirable. A 16-ounce hammer of 
the quality recommended below, for example, will 
drive a cabinetmaker’s small brads and a carpen¬ 
ter's tenpenny nails with sufficient facility for most 


household chores. But if you are going to build 
several cabinets, a 13-ounce hammer will be less 
clumsy, and for construction jobs involving big 
nails, a 20-ounce hammer speeds the work. 

The wrenches, pliers, screwdrivers, chisel and 
nail set, as well as the electric drill shown on pages 
32-33, are, similarly, of the types and sizes that give 
most people the most service. But for special 
tasks, a socket wrench, for example, for which sev¬ 
en sizes of sockets are suggested, has 200 option¬ 
al parts. Buy them as you need them. 


MULTIPLE-JOINT 

PLIERS 


Two types of screwdrivers 

Screwdrivers come with either flat blades 
for single-slot screws or Phillips blades for 
thecrossed-slot screws used in many ap¬ 
pliances You will want two blade lengths of 
each type Short blades are for cramped 
areas; longer blades have bigger handles 
that allow a better grip and greater twisting 
power Rubber-cushioned bandies reduce 
wear and tear on your hands, a screwdriv¬ 
er's tip must match the screwhead a tip 
too small or too large for the slot will dam¬ 
age the screw and possibly make it useless. 

Two tip sizes for each screw type should 
suffice [from left, below) one Phillips 
screwdriver with a 6-mch blade and No. 3 
tip, and one with a 3-inch blade and No. 1 
tip; one flat-tipped screwdriver with a 3- 
inch blade and % 6 -inch tip. and one with a 
6-inch blade and ^e-mch tip. 




PHILLIPS 

SCREWDRIVERS 


REGULAR 

SCREWDRIVERS 
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BLADE 


SLIP-JOINT LOCKING-GRIP 

PLIERS PLIERS 




Three types of pliers 

Special pliers are required for electrical 
work [pages 136-137), but for other jobs 
these three serve well. The multiple-joint 
type [left) is for large nuts and bolts, and 
can be applied, for example, to loosen the 
cleanout plug in a sink trap [page 90) Han¬ 
dle lengths range from 4 to 16 inches, the 
longer ones providing better leverage. A 
useful size is 10 inches long with five jaw- 
span adjustments, the widest 2% inches 

A 6-inch-long pair of slip-joint pliers [cen¬ 
ter) is useful for gripping small objects, and 
nuts and bolts of various sizes. 

The locking-grip type [right) can serve as a 
vise, clamp or adjustable wrench, if neces¬ 
sary, freeing the hands for such jobs as re¬ 
moving a worn ball cock from a toilet tank 
[page 99) A pair that is 8 inches long with 
a maximum jaw span of 1 % inches is a good 
size to start with. 
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Hammer and mallet 

A good hammer [above] for driving nails 
quickly and accurately weighs 16 ounces 
It should have a hickory, tubular steel or 
fiberglass handle; a forged-steel head to 
prevent chipping; and a slightly convex 
face, which drives well even if you do not 
hit the nail squarely Its claw should have a 
finely beveled, sharp-edged. V-shaped slot 
for pulling out thin nails as well as big. 

A 16-ounce rubber mallet [above, top] is 
handy for driving wood chisels [right] for 
loosening stuck windows and even for re¬ 
moving an electric-drill chuck [page 33] 


Three types of wrenches 

A socket wrench [left and below] is espe¬ 
cially useful in cramped areas because its 
ratchet handle and universal-joint assem¬ 
bly let you pump back and forth, and go 
around corners to reach hard-to-turn nuts. 
Choose one with a reversible ratchet han¬ 
dle 8 inches long that has a %-inch drive, a 
%-inch drive adapter, a universal joint, and 
3- and 6-inch extension shafts. For a start, 
get Vie J4-, 9 /e- and %-inch sockets with 
%-inch drive ends and % 6 -and %-inch 
sockets with %-inch drive ends. 
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The open-end adjustable wrench [below, 
right] has smooth jaws. It is useful for such 
work as turning the packing nuts and lock¬ 
nuts on faucets. For those jobs, get one that 
is 10 inches in overall length. 

The Allen wrench [right] turns screws that 
have hexagonal recessed heads-found, 
for example, on single-lever faucets [pages 
76-79], and clothes-washer and drier mo¬ 
tors. Start with a set of eight, ranging in di¬ 
ameter from !4o to % inches. 





Two woodworking aids 

For such jobs as cutting recesses in a door 
and a frame to accommodate hinges, a 
good tool is a medium-thick, 14-inch-wide. 
3-inch-long wood chisel [above, left] 

To conceal nailheads you need a steel nail 
set [above, right]. Its concave tip is placed 
on the nailhead and its top tapped by a 
hammer to drive the nail below the wood 
surface for covering with putty. A % 2 -inch 
size works on the nails commonly used for 
window and door moldings. 


ALLEN WRENCH 
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BASIC TOOL KIT continued 


COMBINATION SQUARE 
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A versatile square 

A combination square has a 12-inch steel 
ruler that both measures and provides a 
straight edge It has a head with a right- 
angled side as a guide for square joints, a 
45-degree angled side for mitered joints. 
The head moves on the ruler to the desired 
position, where a nut clamps it It has a lev¬ 
el and the head also contains a steel-tipped 
scriber for marking 

A ripping tool 

The ripping bar below has a chisel-like, 
beveled end to pry up floor boards, crate 
lids and similar nailed-down objects. A 
sharp claw shaped like a hammer s at its 
opposite end is used for both prying and 
pulling out loosened nails. 



RIPPING BAR 


PAINTBRUSH 




Two household brushes 

A 10-inch-long brush with inch-wide wire 
bristles (far left) is good for removing rust 
and peeling paint from metal surfaces, and 
mineral deposits from inside humidifiers 
(page 215) With a half-inch flat natural- 
bristled brush (left), you can not only paint 
but also apply glue to plastic-pipe fittings 
(page 64), wet down a plaster wall for re¬ 
pairs. or clean out a toaster (page 240). 


V WIRE 

\ brush } 1 



Two sharpening devices 

For sharpening grass trimmers, screwdriv¬ 
ers and similar tools, use a file of the type 
called bastard (nearright). It is flat, 10 inch¬ 
es long from point to heel, and single cut 
(its parallel cutting ridges lie in single diag¬ 
onal rows across the face). 

A two-by-seven-inch combination silicon- 
carbide sharpening stone (farright) hones 
a sharp edge on chisels, knives and hatch¬ 
ets. Use its coarse side to eliminate burrs 
and nicks on thetools edge and its fine side 
for the final beveling and polishing 
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STAPLETACKER 



A tacking tool 

A staple tacker provides the best way to fas¬ 
ten light materials to wood. Most versatile 
is thetype that takes.05-inch-thick wire sta¬ 
ples for such heavy-duty jobs as anchoring 
carpets and pads, installing insulation and 
upholstering furniture. It also uses .03- 
inch-thick staples for lighter tasks like tack¬ 
ing shelf paper and covering valances. 


Three types of saws 

Forcutting wood across the grain, a cross¬ 
cut saw [far left] is the kind to use. Such 
saws have blades 16 to 26 inches long with, 
commonly, 8 or 10 tooth points per inch of 
blade. The more teeth, the finer the cut; 
fewer teeth provide a faster but rougher 
cut. A good-quality, all-round crosscut saw 
has a 10-point 26-inch blade-precision- 
set, taper-ground and bevel-filed. 

The hacksaw [center] cuts metal and plas¬ 
tic in such jobs as sawing pipes [page 63]. 
A good hacksaw has a pistol-grip handle 
and an adjustable frame that can accom¬ 
modate detachable blades a half inch wide 
and 8,10 or 12 inches long. The blades are 
tightened into place with the wing nut. For 
such jobs as cutting bolts or pipe, use a flex¬ 
ible, high-speed, molybdenum-steel blade 
that is 10 inches long and that has 24 tooth 
points to the inch. 

The keyhole saw [near left] is designed for 
making circular or straight “inside” cuts in 
wood paneling or thin boards to provide 
openings in floors, walls and ceilings for 
pipes, electrical outlets or vents. The key¬ 
hole saw has a nonremovable, tapered, 
tool-steel blade that is 10 or 12 inches long 
and has 10 tooth points per inch. 
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FLEXIBLE METAL RULE 


A measuring tape 

The flexible steel tape rule is pliable enough 
for measuring curved surfaces, yet rigid 
enough for measuring flat upright surfac¬ 
es. The hook on its end can often fasten to 
one end of the object being measured A 
good tape for home use extends to 12 feet, 
has a width of one half or three quarters of 
an inch, and is marked in feet and inches 
on one side and in inches on the other. 





PUTTY KNIFE 



UTILITY KNIFE 


A vise 

The best way to hold work steady is with a 
vise A heavy bolt-mounted model [right] 
with an anvil and a swivel base can be 
locked in place, enabling you to work in 
several different positions The jaws should 
be four inches wide and should open four 
to six inches Two pairs of detachable jaws 
are useful: one for holding wood and met¬ 
al, one for pipe and other round objects 


A portable light 

When you repair wiring or plumbing in a 
dark area or shut off the current in a circuit 
to change a ceiling fixture, you will need 
light from a distant circuit to work by A 
trouble light with a 25-foot extension cord 
will provide it The trouble light should have 
a strong, rigid handle, a hook on top for 
hanging, a switch, and a steel grid for pro¬ 
tecting the bulb 


Two types of knives 

A putty knife [far left] with a one-and-a- 
quarter-mch steel ground blade scrapes 
peeling paint from furniture and trim, and 
applies patching to small cracks in walls 
and ceilings The utility knife [near left] is 
good for a wide range of cutting jobs, in¬ 
cluding those on carpeting and plaster¬ 
board It has a retractable, razor-sharp, 
disposable blade that locks in four posi¬ 
tions. extra blades store in the handle 


WOOD-AND-METALJAWS 



TROUBLE LIGHT 



WORKSHOP VISE 


SWIVEL 

BASE 
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FINISHING NAIL 
COMMON NAIL 
crj=» xirx 


HOLLOW-WALL 

ANCHOR 



SHEET-METAL SCREW 
WOODSCREW 


SANDPAPER 


TOGGLE BOLT 


Some basic fasteners 

The fasteners you are likely to use come in 
various sizes. From left to right (abovej, they 
are: the finishing nail for fine carpentry, the 
common flathead nail for general woodwork, 
the toggle bolt for hanging heavy fixtures on 
plasterboard walls, the hollow-wall anchor 
for affixing lighter loads to plasterboard, the 
plastic anchor for holding a screw in plaster 
or in masonry, the sheet-metal screw for thin 
metal, the flathead screw for wood and the 
machine screw for bolting things together. 
The three kinds of metal washers help keep 
machine screws from loosening. 



To fill small cracks in walls before painting 
them, use spackling paste. For removing 
rust or smoothing metal surfaces, use em¬ 
ery cloth; for smoothing spackled walls or 
wood, use sandpaper. Keep in stock a few 
sheets of both abrasives in extra-coarse, 
coarse, medium and fine grades. 
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A sealant and two adhesiues 

To fill cracks between a fixture and a tile 
wall, or between tiles, use waterproof sili¬ 
cone caulking, which does not dry out. For 
permanent bonding of just about any ma¬ 
terial except rubber and some flexible plas¬ 
tics, use epoxy, whose resin and hardener 
come in separate tubes. Epoxy sets in five 
to six minutes and cures in two to 24 hours. 
All-purpose white glue bonds porous ma¬ 
terials such as paper and wood; it dries in 
about 30 minutes. 


Lubricants 

To loosen machine screws that have rusted 
tight, use penetrating oil. For lubrication of 
close-fitting metal parts-hinges, shaver 
heads, some motor bearings—use a light¬ 
weight machine oil (if in doubt, you can ask 
for sewing-machine oil); it comes in both drip 
and aerosol cans. For loosening up stuck 
drawers or windows, use silicone spray. Un¬ 
like oils, it is not greasy. 
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BASIC TOOL KIT continued 


The Power Drill: 

A Versatile Tool 

An electric drill represents a moder¬ 
ate investment and it is undoubtedly 
the most broadly useful of all power 
tools. Besides boring holes in any¬ 
thing from plywood to plaster, it can 
sand, ream, buff, brush, mix, and turn 
screws in or out. 


Electric drills commonly come in 
three-eighths-inch and quarter-inch 
sizes; this refers to the diameter of 
the largest bit shank the jaws of the 
drill chuck can take, not directly to 
the sizes of the holes that can be 
bored—but the larger-sized drill gen¬ 
erally can make bigger holes. For 
use at home, the quarter-inch size, 
once the most popular, is being dis¬ 
placed by the three-eighths size. 

Although the two types often have 


the same kind of motor, the three- 
eighths size is geared to provide 
more twisting force for tough jobs 
like boring concrete, without reduc¬ 
ing its capacity for fast drilling in 
wood or metal. The most useful is the 
reversible variable-speed type (be¬ 
low). Its trigger switch controls drill¬ 
ing speed to permit slow operation 
for boring hard materials and driving 
screws. When run in reverse, it backs 
out a jammed bit and pulls screws. 



CHUCKGEAR CHUCK JAWS 


PLASTIC HOUSING MOTOR 

CARBON BRUSHES 


How a drill works 

The trigger switch of a variable-speed drill 
contains a resistance element, like that in 
some light dimmers (pages 170-171), to 
regulate the amount of electricity that flows 
through the carbon brushes to the rotating 
commutator of the motor, greater pressure 
produces faster speed The reverse switch 
changes the connections to the motor, 
causing the current to reverse the magnet¬ 
ic fields and the direction of the chuck. 

The motor, cooled by a fan. turns gears that 
rotate the chuck The chuck jaws-three 
fingers that grip a bit shank-open and 
close as the key turns the chuck gear. This 
drill has plastic housing that isolates metal 
parts, preventing the possibility of shock 
without a three-wire grounded cord. 
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CARBIDE-TIPPED 
MASONRY BIT 



The most practical attachments for a drill 
are sketched above and below. To make, 
in one operation, a hole that accepts a 
wood screw exactly, use a pilot bit. For 
smoothing curved surfaces or enlarging 
holes, use a rotary rasp. To remove rust or 
paint, usea wirecup brush. To drill holes in 
wood or metal, select a steel twist bit. To 
bore into masonry, use a carbide-tipped 
bit. To cut large holes in wood, a spade is 
best. An adapter pad [below] permits use 
of a polishing bonnet or sandpaper disc. 



SANDPAPER 
COARSE FINE 




Replacing the carbon brushes 


Sparks seen through a drill's housing vents 
indicate that brushes need replacement. 
Remove the back, or one side, of the hous¬ 
ing. Pull the old brushes and springs from 
their holders. Insert new brushes, match¬ 
ing the curves to the commutator. 



Cleaning the chuck 

The chuck should be cleaned of sawdust 
and dirt when it slows down or binds. With 
the chuck key, open the jaws all the way. 
Then give the key, in place, a rap with a soft 
mallet to loosen the chuck. Unscrew it and 
clean it with paint thinner. Lubricate it with 
light machine oil, but take care to keep the 
oil out of the chuck jaws. 
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How New Materials and 
Proved Techniques 
Make Tough Jobs Easier 


The kitchen faucet leaks. One of the toilets 
never stops running after you flush it. A bang 
wakes up the entire household when you turn 
off the water in the powder room. In the base¬ 
ment you notice water dripping from a myste¬ 
rious pipe that disappears into the floor above. 
Only three streams of water come out of the 
shower head; the rest of the holes are clogged. 
It takes forever for the water to drain out of the 
lavatory basin, and just the other day you no¬ 
ticed a trickle of water seeping out from under 
the toilet. Suddenly you remember how the 
outdoor faucet froze and burst last winter 
when you forgot to close the shutoff valve in¬ 
side the basement wall. And the memory of 
those plumbing bills! A visit from the plumber 
is never inexpensive, no matter how small or 
unimportant the job. 

The solution, for more and more people, is 
to solve their plumbing problems themselves. 
Many plumbing repairs are quite simple, once 
you make up your mind to do them and roll up 
your sleeves. You can complete a repair quick¬ 
ly—while the plumber may not make it to your 
house for days. And even a dripping faucet can 
be a serious matter. It wastes water—and 
sooner or later it will stain or eat away the sur¬ 
face of the sink. 

When you get started, you will find that 
modern plumbing equipment is designed to 
make repairs easier for the homeowner. The 
modern single-lever faucet (pages 76-79) is not 
only much more convenient to use than a pair 
of old-fashioned stem faucets, but is simpler to 
fix. While its action seems almost magical, 
when it needs fixing it can generally be made 
as good as new by replacing a single cartridge 
rather than an array of washers and O-rings. 

As a result of such advances, relatively little 
physical effort is needed for plumbing work, 
and the techniques involved are readily mas¬ 
tered. What is more, there has been a shift of 
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Making water fit to drink 

All kinds of impurities from fish to invisible 
bacteria have to be removed in a treatment 
plant before water reaches your house 
plumbing The water, generally from a lake 
or river, is drawn through an intake [top] 
and past a screen that blocks trash. Chlo¬ 
rine and other chemicals, to kill bacteria 
and eliminate off-tastes and odors, are 
blended into the water by beaters in the 
mixing basins In the flocculation basin, a 
coagulant forms sticky globs to which im¬ 
purities adhere This floe sinks to the bot¬ 
tom of the settling basin. The water is 
filtered through sand and gravel, given an¬ 
other chemical dose, pumped to a reser¬ 
voir and then sent to the central mam 


attitudes among professional plumbers who, 
because they are so busy, appreciate it when 
you do some of the simpler jobs, leaving them 
time to tackle major work and emergencies. 
Some will give you advice over the phone on I 
making minor repairs. 

Despite encouragement from both plumbers 
and manufacturers, many people hold back 
from working on plumbing because they think 
it is prohibited by plumbing codes. In some 
cases the codes do establish requirements for 
certain work, such as the placement of new fix¬ 
tures, that may exceed the amateur’s resourc¬ 
es. Rarely, however, will the plumbing codes 
prevent you from repairing and maintaining ex¬ 
isting pipes and equipment, even if they forbid 
you to make additions to the system yourself. 
For the most part, codes prescribe the perfor¬ 
mance standards of a plumbing system and the 
materials used in it, not the person involved in 
making a repair. 

Because plumbing codes vary from place to 
place, and because they are designed to pro¬ 
tect you and your community from the dangers 
of faulty installations for water supply and 
waste disposal, you should know your local 
code —a copy of it is usually available at the 
local building inspector’s office or health de¬ 
partment. By observing code requirements, 
you can be sure that you are using the correct 
materials and methods. This chapter is con- 
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fined to jobs you can do yourself, once you 
understand the operation of your plumbing 
system and its various components. 

How a plumbing system works 

You never see the major part of your plumbing 
system—the supply lines and waste pipes (300 
feet of them, in an average house) that run 
through walls and under floors. Normally, you 
see nothing but the gleaming chrome-plated 
faucets and traps, and the smooth porcelain, 
vitreous china or stainless-steel sinks and lav¬ 
atories and toilet fixtures. These parts are 
bewildering in their variety—designers make 
them that way deliberately, in order to meet in¬ 
dividual tastes —but what goes on behind the 
walls and underneath the floors is pretty much 
the same in every house. 

The supply lines carry fresh water to all the 
fixtures in your house, from garden-hose sill- 
cocks to bathtubs. Behind your own system is 
a bigger one connecting you to a community 
reservoir or a well. In all of these supply sys¬ 
tems, water is under high pressure—to force 
the water to the topmost story of the house. As 
much as 40 pounds of pressure per square inch 
is common; and big cities often require much 
more, in order to ensure having adequate pres¬ 
sure for fire hoses. 

Many communities build up pressure by 
pumping water from wells or local reservoirs 
into a raised tank. Other towns draw their wa¬ 
ter from reservoirs in nearby hills, still others 
from rivers or lakes as much as 400 miles away. 
In all of these situations, gravity produces the 
required pressure, and the higher the “head” 
— that is, the vertical distance the water falls 
from its source to the house —the greater the 
pressure. As a general rule, water develops a 
pound of pressure for every 2.3 feet it falls. 

If you have your own well, you probably use 
another method of establishing pressure: com¬ 


pression. Your pump forces water into a closed 
tank; as the water occupies more and more 
space, it compresses the air above it in the 
tank. The compressed air provides the pres¬ 
sure to send water throughout the system. (For 
the most modern methods of pressurizing the 
tank, see page 106.) 

Wastes from the plumbing system are also 
drained off by gravity, but the head is much 
less —only that provided by the distance from 
a fixture to the main drainpipe. Within a house, 
all drainpipes have a downward pitch of at 
least one quarter of an inch for every foot they 
travel. Public drainlines, or sewers, run down¬ 
hill as much as possible, though in some ter¬ 
rains sewage must be pumped over rises in the 
ground level. If your home is served by a pub¬ 
lic waste-disposal system, your most impor¬ 
tant—and, ideally, your only—concern is, of 
course, the drainage from your system into the 
main sewer lines. 

If your home is not hooked into a public dis¬ 
posal system, your drains probably empty into 
your own septic tank (pages 118-121). In a sep¬ 
tic tank, a natural chemical-biological process 
transforms much of the waste into liquids. 
Drained through perforated or open-jointed 
pipes into a drainage field, these liquids even¬ 
tually filter into the soil. Periodically, how¬ 
ever, the septic tank must be cleaned by a 
professional to remove the accumulation of 
materials not decomposed by this process. 

A standard component of all waste systems 
is the “trap,” a U-shaped dip in a line that re¬ 
mains filled with water at all times. The water 
seals off the waste line, preventing poisonous 
or combustible gases and foul odors from en¬ 
tering the house. There is a trap beneath or 
within every plumbing fixture. In addition, a 
main trap may seal the entire drain system of 
a house from the public sewer system. 
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Another component of the waste system that 
may go unnoticed is the roof vent, a pipe pro¬ 
jecting through the roof above a vertical waste 
line, or “stack.” Vents have three important 
functions. They dissipate gases into the atmo¬ 
sphere. They equalize air pressure throughout 
the drain system, preventing vacuums or back 
pressures that could interfere with the normal 
gravity flow of the system. And they protect 
the traps: if the system had no vents, the suc¬ 
tion generated by flowing wastes would siphon 
the water out of the traps, destroying their use¬ 
fulness as seals of the drainlines. 

The relatively high pressure that delivers fresh 
water through the system and the relatively 
low pressure that takes wastes away are re¬ 
sponsible for the vast majority of plumbing 
problems. That 40 pounds per square inch 
gives the pleasant spray effect of a warm show¬ 
er and the power needed to sprinkle the lawn. 
But it also forces water through a leaky faucet 
or a defective pipe. It may cause the charac¬ 
teristic “water hammer” bang when a stream 
of fast-moving, high-pressure water is sudden¬ 
ly cut off (page 67). It creates leaks in the hoses 
that connect washing machines and dishwash¬ 
ers to the system. Water under pressure is a 
restless captive, trying constantly to escape. 

On the other hand, the relative weakness of 
the pressure in drains causes most of the prob¬ 
lems in waste systems. The pull of gravity may 
not be strong enough to draw waste water 
through drains that are plugged with solid mat¬ 
ter. People compound the problem by flushing 
foods, fats and coffee grounds down a kitchen 
sink, by using a toilet as a trash receptacle, 
or by permitting shower and lavatory-basin 
drains to clog. In all these cases, a pressure 
greater than that provided by the force of grav¬ 
ity may eventually be needed to open clogged 
drains (pages 90-91, 101). 


Other plumbing problems arise from the ac¬ 
tion of chemicals upon the metals of pipes and 
fixtures; corrosion can create leaks, and min¬ 
eral deposits can clog pipes. And every system 
inevitably suffers wear and eventual disinte¬ 
gration from use and age. Thus, sooner or later, 
either you or your plumber will have to pick up 
tools and go to work. 

Before taking on your share of the plumbing re¬ 
pairs, familiarize yourself with your own spe¬ 
cific system, much as you might glance over a 
road map before setting out on a trip. Most 
home systems are similar to the one shown on 
pages 52-53, though there are many variations 
in arrangement and equipment. Concentrate, 
to begin with, on the standard elements you 
will find in every system: 

■ MAIN WATER LINE. The water enters your 
house somewhere near the water meter; typi¬ 
cally, the meter is on the street side of the 
house, and the incoming pipe enters a base¬ 
ment, a crawl space or, if you live in a house 
built on a slab, a utility center. This pipe is 
fairly large—probably at least three quarters of 
an inch in diameter, more commonly one inch. 
Normally, a shutoff valve is installed just in¬ 
side the wall the pipe enters. This is the valve 
to close when you want to shut off the water 
supply to the entire house. If your water supply 
comes from your own well, the main water line 
starts at your supply tank. 

■ BRANCH RUNS. Follow the main pipe and 
you will find “runs” of smaller pipe (one 
half or three quarters of an inch in diameter) 
branching off at several points. Each run serves 
a section of the system—possibly a section that 
serves fixtures in more than one room and on 
more than one floor. One of the branches from 
the main line always goes directly to the water 
heater. From the heater, pipelines carrying hot 
water run parallel to—but at least six inches 
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Why Plumbing Codes Vary 


Plumbing codes have, not been devised, as 
householders sometimes suspect, to protect 
plumbers' incomes by making procedures 
needlessly complex. They are intended to 
guard public health by requiring proper de¬ 
sign, acceptable installation and adequate 
maintenance of plumbing systems [page 
36). The codes do not prevent you from do¬ 
ing the jobs described in this book, but you 
must use the materials and working methods 
that they specify. 

You have to check specific requirements 
locally, however, because plumbing codes 
differ from place to place; there is no single 
national code as there is for electrical work 
[pages 132-133). Regional discrepancies 
are due partly to conflicting opinions as to 
what materials and techniques to use. But 
sometimes there are considerations related 
to natural conditions. For example: 

■ HARD WATER. Minerals contained in wa- 
ter-both the kind and the amount-often de¬ 
termine the kind of piping that must be used. 
In areas of the Southwestern United States, 
high concentrations of carbonate minerals 
leave heavy deposits that can quickly clog 
small-diameter copper tubing. Galvanized 
steel pipe is generally used instead of copper 
because it is less expensive in the larger sizes 
needed to avoid clogging. 

■ SOFT WATER. Somewhat paradoxically, 
copper tubing may also prove troublesome 
in areas where there are very few minerals. A 
modest concentration of minerals produces 
a thin, protective coating inside the pipe. 
Without that protection, tubing erodes and 
then corrodes. Codes in these areas, too, 
prescribe galvanized piping. 

■ CLIMATE. Where winters are fierce, codes 
require roof-top vents [page 54) to be extra 
large in order to prevent snow and ice from 
blocking the openings. 

■ EARTHQUAKES. Localities in earthquake 
zones, such as those in California, require 
that plumbing be fastened very securely. 

w■— ii mini mi 'iirarirrir^ 


away from —the cold-water lines to fixtures 
such as sinks and bathtubs, which use both hot 
and cold water. (Not all fixtures need both of 
the lines; a toilet tank, for example, has only a 
cold-water line, a dishwasher only a hot one.) 

■ RISERS. Plumbing facilities often lie directly 
over one another or back to back; thus, an up¬ 
stairs bathroom may be located directly over a 
downstairs powder room, and a single “riser” 
— a vertical branch of pipe—serves them both. 

■ BRANCH AND RISER SHUTOFFS. In a well- 
engineered plumbing system each branch or 
riser contains a shutoff valve at or near the 
point it leaves the main line. Thus, you can turn 
off an individual run, if necessary, without cut¬ 
ting off service to the rest of the house. Impor¬ 
tant: The shutoff valves are not designed for 
frequent use. Do not turn them off and on more 
often than necessary. When you must turn one 
off, open a faucet on the branch, then slowly 
turn the valve handle clockwise until the wa¬ 
ter stops running; do not turn the handle be¬ 
yond this point. 

■ FIXTURE SHUTOFFS. A branch of pipe usu¬ 
ally disappears inside a wall or floor soon after 
it leaves the main line; you will not see it again 
until it emerges in a kitchen, bath or laundry. 
(At these points the size of the pipe usually 
changes to a still smaller diameter.) And once 
again, in a good system, shutoff valves control 
each fixture —one valve for hot water, one for 
cold. Some of these valves are visible directly 
below the fixture; others, particularly those for 
a built-in bathtub or shower stall, may be hid¬ 
den behind removable panels in the wall, in a 
closet or even in an adjoining room. These 
shutoff valves enable you to deactivate a sin¬ 
gle fixture when you want to work on it, allow¬ 
ing the rest of the system to function normally. 

■ THE SHUTOFF PLAN. If you have any doubts 
about which fixtures are controlled by which 
branch shutoff valves, there is a standard pro- 
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cedure to follow. First close the shutoff valve 
on one branch at the point where it leaves the 
main line. Then go around the house opening 
faucets and flushing toilets. A faucet that does 
not produce water when you open it must be 
controlled by that branch-line shutoff; a toilet 
tank that does not refill must be on that line 
too. Repeat the procedure with all the branch¬ 
es. Finally, hang a tag on each shutoff listing 
the outlets it controls. Now you will be able to 
shut off the correct line in a hurry when an 
emergency arises. 

■ DRAINS. It is generally easier to chart the 
waste lines of your water system than the sup¬ 
ply lines. The lines from sinks, lavatories and 
laundry tubs usually start out with a three-part 
assembly: a tailpiece fastened to the fixture, a 
U-shaped trap, and the fixture drain that dis¬ 
appears inside the wall. The three parts are 
easy to take apart when you must remove de¬ 
bris from the trap or when the trap itself must 
be replaced (page 89J. Waste lines from toi¬ 
lets, built-in tubs and shower stalls exit down 
through the floor. 

■ STACKS. Either directly or by way of pipes 
that slant downward, all drainlines converge 
on “stacks” —vertical pipes that drop to the 
level of the outgoing sewer lines, and also pro¬ 
ject upward through the roof, where they serve 
as the vents mentioned on pages 52-54. In the 
lines and stacks, wastes and draining water 
move through the system and into a public 
sewer or a septic tank. 

■ CLEANOUT FITTINGS. To provide access 
into drainlines, cleanout fittings are located at 
the points where vertical stacks connect with 
downward-slanted horizontal runs toward the 
main drain. The fitting has the form of an in¬ 
verted Y orT, with the stack coming down into 
the stem, the horizontal run continuing from 
one arm, and the other arm sealed off with a re¬ 
movable plug. When a drainline clogs, you can 


unscrew the plug and go to work on the stop¬ 
page—up to a point (page 91). A stoppage well 
beyond the cleanout fitting, or on the way to 
the public sewer or your septic tank, means the 
entire disposal system may be backed up — and 
that is definitely an emergency job for a pro¬ 
fessional plumber to handle. 

The materials of modern plumbing 

As a last step before you tackle any serious 
plumbing repairs, check into the materials that 
your water supply and waste lines are made of. 
A generation ago, iron, galvanized steel, brass 
and lead dominated the world of pipe and fit¬ 
tings. Today, the most common materials are 
copper and the increasingly popular plastics. 

You can recognize copper easily; it has the 
color of a penny. Another clue is the fact that 
it may be joined with silver-colored solder, 
with “flare fittings” or with compression rings, 
all discussed in detail on pages 58-61. 

Some homes may have threaded brass sup¬ 
ply lines that look very much like their thread¬ 
ed galvanized-steel counterparts. After a few 
years of aging, even the colors may be similar. 
Professionals often scratch the pipe with a 
knife to see if it shows the yellowish color of 
brass or the silver color of the zinc used in gal¬ 
vanizing steel. Another way to tell them apart 
is with a magnet, which will stick to steel pipe 
but not to brass. 

What difference does the piping material 
make? Quite a bit, in some situations. With a 
water heater, for example, steel plumbing el¬ 
ements should not be used in combination with 
copper or brass elements without certain pre¬ 
cautions, because electrochemical reactions 
between steel and other metals cause serious 
corrosion. When you convert a section of steel 
pipe to one of copper—as you well might want 
to do, to gain the easy workability of copper in 
future repairs —you must use “insulating” fit- 
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Two Lost Legacies of Ancient Plumbing 



Many concepts of modern plumbing originated 
in ancient times, in such civilizations as those of 
Babylon. India, the islands of the Mediterranean 
Sea, and Rome. There, thousands of years ago, 
men mastered the principles of hydraulics and 
applied them to the problems of sanitation. 

One sophisticated plumbing system of antiq¬ 
uity served the palace of Knossos on the island 
of Crete,' a center of Bronze Age civilization. At 
Knossos, archeologists have discovered 4,000- 
year-old remains of ingeniously designed terra¬ 
cotta piping used in the palace's water-supply 
system. The tapered sections of pipe, shown in 
the diagram above, were prefabricated, then in¬ 
terlocked and sealed at the joints with a clay ce¬ 
ment. Their shape kept them clean. As water, 
moved by gravity, streamed through the narrow 
end of each section, its velocity increased. Thus 
the water traveled to its destination in a series 
of jetlike spurts, carrying with it sediment that 
might otherwise have clogged the pipes. The 
lobelike projections on the outer surfaces of 
some of the pipes were used in lashing the sec¬ 
tions together with rope. 

At the same Knossian site, archeologists also 
unearthed the remains of a drainage system 
that would meet the approval of a present-day 
board of health. Toilets, complete with wooden 
seats, were equipped with water-flushing de¬ 
vices and stone drains that ran into a main 
drainpipe. These drains had vents to release 
waste gases, and traps, remarkably similar to 
those used today, to seal off sewer odors. 

Around 1400 B.C., much of Crete and all of 
the palace were destroyed, possibly by an earth¬ 
quake or by a volcanic eruption. Whatever the 
cause, the achievements of Cretan plumbing 


were lost to mankind until the 20th Century, 
when archeologists began to dig away into the 
earth-covered ruins. 

Plumbing’s next great advance was among 
the Romans, who created a water-supply and 
drainage system built on a grand scale. By the 
Fourth Century A.D., the city of Rome had al¬ 
most 900 public and private baths, over 1,300 
public fountains and cisterns, and 144 public 
toilets [all water-flushed). To bring in 50 million 
gallons of water for the city’s daily needs, the Ro¬ 
mans built a 359-mile network of aqueducts, 
some of which are still in use today. Above 
ground, these aqueducts consisted of stone 
arches and spans carrying water down from 
hills and across valleys in covered conduits. 
Underground aqueducts also led into the city. 
Water was then fed into a network of buried 
pipes generally made of sheet lead, or plum¬ 
bum— the Latin word from which "plumbing" 
acquired its name. 

After Rome fell to the barbarians in the mid- 
Fifth Century A.D., its great plumbing system 
was abandoned for the lack of trained engi¬ 
neers and artisans to maintain it. In the centu¬ 
ries that followed, superstitions against bathing 
and other sanitary practices blocked the prog¬ 
ress of plumbing—and for hundreds of years 
the people of Europe were generally unwashed 
and, what was far worse, beset by widespread 
plagues. Thus, with the skills of those old Cre¬ 
tan and Roman plumbers almost completely 
forgotten, generations of men and women en¬ 
dured squalor, suffering and needless death. 
Not until the 19th Century did European and 
American cities begin to plan and build the 
plumbing systems of our time. 



































tings to forestall corrosion at the connections 
between copper and steel. 

By far the easiest material to work with, 
however, is the newest —plastic. Because it is 
so new, you will see it only in recently installed 
plumbing, but you will have no difficulty in 
identifying plastic. It comes in black, white 
and a variety of colors, and is usually labeled 
with an abbreviation of its chemical name 
— PVC, CPVC, ABS or the like (page 65). What 
is far more important, you will discover that 
plastic is very nearly an ideal material for an 
amateur’s repairs and replacements. 

Plastic pipe is light in weight and easy to cut. 
You can join it with simple slip-together fit¬ 
tings, which are made fast and watertight by a 
solvent cement. Plastic comes in most of the 
sizes used for residential pipes and fittings, 
and can be combined with metal plumbing el¬ 
ements without danger of corrosion. In some 
sizes and types it is produced in a semiflexible 
form, easily bent into curves to avoid tedious 
fitting and joining. 

Plastic plumbing’s main drawback has been 
the slowness with which building codes in 
some areas have been authorizing its use. Day 
by day, however, its acceptance increases, 
and nearly all plumbing-supply outlets now 
handle plastic materials. 

The basics of plumbing repairs 

While it gets easier and easier to do a plumb¬ 
ing job, to do it right calls for care and a sys¬ 
tematic routine. Here are some suggestions 
that will help you: 

■ READ THE INSTRUCTIONS. On the pages 
that follow, you will find complete step-by-step 
instructions for repairing everything in your 
plumbing system that can be handled by an 
amateur without special skills or costly tools. 
Be sure you understand each step of a job be¬ 
fore you start to do it. 


■ GET PROPER TOOLS. It is frustrating and 
pointless to start a repair job and then get hung 
up because you find that an essential tool is 
missing. Most plumbing tools are simple and 
not overly expensive; a useful kit is shown on 
pages 48-51. On the other hand, some tools are 
expensive and infrequently used; you can of¬ 
ten rent them from a tool-rental outlet, or from 
the plumbing-supply dealer from whom you 
buy repair parts. 

■ KEEP A SMALL STOCK OF PARTS. You may 
sometimes have to dismantle a plumbing ele¬ 
ment to find out what is wrong with it. In that 
case, there is nothing for you to do but take 
it apart, decide what replacement parts are 
needed, then go shopping for the parts. But you 
can stock some items ahead of time—parts that 
you know you will need some day. For less than 
a dollar you can buy a packet of washers that 
contains the sizes needed for most faucets. 
The same packet also contains screws to hold 
the washers in place, and may even provide a 
few of the packing washers that fit under the 
handles of some stem faucets (page 75). Sim¬ 
ilarly, you can pick up cartridges or complete 
kits for some of the more modern faucets and 
keep them on hand. It is better to spend a few 
dollars ahead of time rather than find yourself 
helpless on that Saturday night when trouble 
arises and you will not be able to get into a shop 
before Monday morning. 

■ TURN OFF THE WATER. Use the shutoff 
valve right at the fixture you will be working 
on, if there is one. Otherwise shut off the 
branch line—or as a last resort, the whole sys¬ 
tem. But always remember that you cannot 
break into a water-supply system without shut¬ 
ting off the water somewhere; if you forget, the 
result is a flood. Caution: Remember never to 
turn off a cold-water line into a bathroom while 
someone is in the shower, for the water of the 
shower will instantly turn scalding hot. 
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■ CLOSE THE DRAIN. Before working over a 
sink or lavatory, trip the lever of a mechanical 
drain plug or set the rubber stopper in place. 
If there is no stopper, stuff a rag in the open¬ 
ing. This simple precaution prevents the loss 
of small screws or other parts down the drain. 
While you are at it, place a folded towel in the 
basin to cushion an accidentally dropped tool 
or part, thus preventing any damage to the sur¬ 
face of the fixture. 

■ PROTECT POLISHED SURFACES.lt is wise 
to use a smooth-jawed monkey wrench, not a 
tooth-jawed pipe wrench, to work on chrome- 
plated surfaces. If the fixture nuts are not too 
large, their hexagonal shape will also permit 
the use of standard smooth-jawed adjustable 
wrenches. In either case, be sure the wrench’s 
jaws are snug against the nut, so that they will 
not slip and cause damage. Many professionals 
further protect polished surfaces by wrapping 
them in friction, adhesive or plastic tape be¬ 
fore applying a wrench. 

■ DON’T GIVE UP. just disassembling a unit to 
get at the trouble is sometimes discouraging. 
Nearly all plumbing is held together by nuts or 
screws that are easy to take off but may not be 
easy to find, particularly on stylishly designed 
faucets. The secret to disassembling one hand¬ 
some old faucet turned out to be a china but¬ 
ton atop it, bearing the “H” symbol; actually, 
that button was the head of the screw holding 
the handle onto the faucet. Unless you already 
know how to disassemble your unit, you may 
have to do some detective work. First look hard 
for a visible fastener—many are tiny and in¬ 
conspicuously located. If nothing seems made 
to accept a screwdriver or wrench, examine 
the unit closely for a concealed fastener. What 
seems to be a line in the design may be the 
seam where a fastener, or a plaque covering a 
fastener, joins the unit. Then try unscrewing 
or prying at the seam—but very gently, in case 
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Why Plumbers Charge So Much 

A pipe springs a leak and a plumber comes to 
the rescue. In a little while he makes the pipe as 
good as new and you geta bill. In 1940 the bill 
might have been four to five dollars; in 1950, 
eight to ten dollars; in the late 70s, twenty to 
thirty dollars and in the ’80s three times that or 
even more. The rapid rise in plumbing bills is 
due partly to inflation but more to the increas¬ 
ing complexity of the plumbing business. 

For the master plumber—the person who 
sends you that bill — is notonlyan independent 
craftsman but is in a business with a large 
investment in specialized training and equip¬ 
ment, and a substantial overhead. Such a com¬ 
pany must charge customers accordingly. 

Before a plumber can hang out a shingle, 
he serves four to five years as an appren¬ 
tice, while attending classes in subjects rang¬ 
ing from pipe fitting and welding to mechan¬ 
ical drawing and the physics of liquids and 
gases. At the end of this rigorous training 
period, and after scoring passing grades on a 
set of state or local examinations, the ap¬ 
prentice graduates to journeyman. To climb 
the last step up the professional ladder, he 
works from two to five more years, depending 
on his locality, and must pass a more severe 
set of exams. Onlythen is hea master plumb¬ 
er—that is, a businessman in his own right 
who possesses an official license that permits 
him to establish a contracting firm and to hire 
his own journeymen. 
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what seems to be a surface decoration turns 
out to be just that and nothing more. 

■ DON’T USE TOO MUCH FORCE. Never pull 
or push too hard on a wrench. If a nut does not 
come loose under reasonable pressure, squirt 
a few drops of penetrating oil into the threads 
and let it soak in for two or three minutes; the 
oil will cut into any corrosion and lubricate 
the threads so that they will unscrew more 
easily. (Hardware stores sell penetrating oil in 
small squirt cans.) 

■ KEEP TRACK OF PARTS. Plumbing elements 
are mechanically simple, as you will discover 
when you take one apart. Nevertheless, you 
may want to take advantage of an old mechan¬ 
ic’s trick. As you disassemble a plumbing part, 
lay its components out in the exact order you 
removed them. Later, you can put the compo¬ 
nents back together in reverse order and be 
sure you are doing it right. 

Shopping for plumbing supplies 

Almost every day, as more homeowners do 
their own plumbing repairs, the shopping sit¬ 
uation changes for the better. More and more 
different types of retail outlets now stock com¬ 
mon repair items, and more and more outlets 
that were once professional-oriented have be¬ 
gun to welcome amateurs. No single shopping 
guide will make sense in every community, but 
here are some suggestions that will help you 
to obtain the best materials, the best service 
and probably the best advice. 

An authentic, well-stocked plumbing-supply 
house, if you have one in your area, will always 
be the best place to shop. If it does not have ex¬ 
actly what you want, the man behind the coun¬ 
ter will either order it for you or tell you of an 
outlet that does have it; and he will often give 
you suggestions for using or installing the item 
that you buy. The stock of a plumbing-supply 
house is generally of high quality, so you can 


be sure the problem you are solving will not be 
back to plague you again in a few weeks. If you 
can, time your visit to a plumbing-supply house 
for midmorning or midafternoon. These are the 
times of day when professionals are ordinarily 
out on the job, rather than in the supply house 
picking up materials. Therefore, the salesman 
will have more time then to talk to you and help 
you with your problem. 

If you do not have access to a professional 
plumbing outlet, a hardware store can fill most 
needs. Shop around, ask friends and neighbors 
for their recommendations and, if necessary, 
consult your own plumber to be sure of find¬ 
ing a genuine hardware store—not a house- 
ware store that probably has more pots and 
pans than plumbing supplies. A good hardware 
store will have traps, toilet-tank units, replace¬ 
ment faucets and the like. Look there, too, for 
copper tubing, plastics and other items that 
are easy for the do-it-yourselfer to handle. But 
because of the wide merchandise assortment 
the hardware store stocks, the salesman will 
probably have less time and expertise to de¬ 
vote to your special problems. 

A relatively new source of supply for the 
homeowner is the do-it-yourself superstore. 
These building-supply outlets are springing up 
all over the country—many in shopping cen¬ 
ters— to meet the needs of people who want to 
do things themselves. They carry impressively 
large ranges of plumbing materials and repair 
items, but you generally have to wait on your¬ 
self; you will be lucky to find a salesman to talk 
to, and luckier still if he is knowledgeable 
enough to give you useful advice. 

The large mail-order houses carry almost ev¬ 
ery plumbing item you will ever need, includ¬ 
ing major fixtures and special tools, but offer 
almost no assistance at all in choosing specific 
items; you must know exactly what you want 
before you order it. Another problem in shop- 
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The Peril of Back-Siphonage 


A little-known precaution that is built into a 
plumbing system is the gap intentionally left 
between intake and outflow; there is never a 
direct connection between a supply pipe and 
a waste pipe. The reason is the possibility of 
back-siphonage—a suction of contaminated 
water into the fresh supply by a pressure drop 
in the line, such as when a street main breaks. 

Accidental back-siphonage should always 
be guarded against. If an extension shower 
hose is left in a filled tub (right) with the faucet 
turned on. a pressure drop in the line could 
pull dirty water into the supply pipes (arrows, 
far right). Be sure to disconnect such attach¬ 
ments when they are not being used. 




ping by mail is, of course, the inevitable delay. 
But if you live near one of the retail outlets of a 
mail-order house, you will have ready access 
to a good source of plumbing items, along with 
personnel qualified to give you advice. 

Usually, the biggest problem in shopping for 
repair or replacement parts is to identify the 
specific item. The problem is compounded by 
an almost incomprehensible variation in de¬ 
sign. There are standards for pipes and fit¬ 
tings, but almost none for other equipment. No 
two manufacturers make faucets exactly alike, 
and one company’s catalog lists 150 different 
models for home use alone. For old equipment, 
parts maybe impossible to find; the whole unit 
may have to be replaced. 

If necessary, you can take the defective part 
to the store and show it to the salesman, but 
there is one drawback to this method. If you 
shut down an entire plumbing line to deacti¬ 
vate the outlet involved, that line will have to 
stay out of service until you get back from your 
shopping expedition. 

On the other hand, if you can identify the 
part accurately, you can do the shopping be¬ 
fore you shut down the line. Most manufactur¬ 


ers are proud of their fixtures; if you examine 
a part carefully, you will find a brand name on 
it somewhere. It maybe on the back or under¬ 
neath, or hidden among “ON” and “OFF” or 
“HOT” and “COLD” labels—but it is almost al¬ 
ways there, in fine stamped engraving or on an 
inconspicuous plaque. 

Tell the plumbing-supply clerk the brand 
name, the place where the item is used (sink, 
lavatory, shower, tub and so forth), how many 
handles it has, whether the handles turn or lift, 
whether or not the spigot swings back and 
forth. Once you have that part in hand, the 
downtime on the water line will be no more 
than you take for the actual repair work. 

One final recommendation. If many of the 
plumbing elements in your home are old, worn 
and inefficient, you may want to give some 
thought to replacement. It is not the purpose 
of this book to get you unnecessarily involved 
in new plumbing and high costs. But some¬ 
times it is easier to replace, say, an entire set 
of ancient kitchen-sink faucets with a modern 
single-lever faucet than it is to keep patching 
the old ones with washers, gaskets and seats. 
You get a unit that looks and works better, and 
you will probably save money in the long run. 
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Working with 
Pipes and 


If you live in a typical American home, at least 
one of your faucets is leaking right now. If you 
are lucky, it is only a slow drip. But even that 
slow drip loses about 15 gallons of water down 
the drain every day—enough for a comfortable 
bath. If the faucet continues to drip at that 
rate, you will lose enough water in a year to fill 
a small swimming pool. But it will probably not 
continue at that rate; an unattended slow drip 
usually becomes a fast drip and eventually an 
unbroken stream that can waste as much as 
400 gallons a day—almost double the amount 
an average family uses daily for drinking, cook¬ 
ing, bathing, laundering, toilet flushing and 
lawn sprinkling combined. 

But a slow leak need not turn into a torrent, 
and it rarely will if you catch it at the outset. 
Replacing a 10-cent faucet washer (pages 72- 
73), perhaps the simplest and most routine job 
in all household plumbing, may well do the 
trick. It is only one of the many tasks that a 
homeowner can carry out with inexpensive 
tools and easily mastered techniques. Except 
for the strange-sounding names, there is no 
mystery about such commonplace chores as 
sweating a joint (pages 60-61), snaking a drain 
(page 91) or dressing a seat (page 74). 

But even elementary plumbing jobs are 
sometimes complicated by unexpected prob¬ 
lems—the most frustrating being those that 
crop up the minute you start to take apart a 
pipe or fixture in order to repair or replace it. 
Many a dexterous homeowner has had the vex¬ 
ing experience of standing, wrench in hand, 
before an old, familiar faucet and realizing he 
does not know how to take it apart. The solu¬ 
tion, once you figure it out, is generally quite 
simple: perhaps a screw is hidden behind the 
faucet, or a decorative escutcheon plate un¬ 
twists rather than pries off. 

Even after the faucet is apart there may be 
other surprises. Take, for instance, the case of 


46 







the left-handed washer screw: to remove it you 
turn it clockwise instead of the usual counter¬ 
clockwise direction. (It is used, though rarely, 
by some manufacturers so that the closing of 
the faucet automatically tightens the screw.) 

Problems such as these are no problems at 
all once you know about them. Nor are plumb¬ 
ing’s inherent troubles —rust, corrosion and 
worn parts—which are readily remedied when 
you learn a few professional tricks of the trade. 
Among the more common stumbling blocks, 
and the ways around them: 
h The washer retaining screw will not budge. 
Try penetrating oil. Also, get more twisting 
power by using a screwdriver with a larger 
handle. You can also clamp locking-grip pliers 
on your screwdriver shank and push it with 
one hand while pressing the screwdriver han¬ 
dle with the other. If the screw slot is worn 
shallow or damaged, a couple of hacksaw 
strokes will deepen the slot for a better grip. A 
gentle hammer tap often does wonders in loos¬ 
ening a tight screw. 

■ The head of the washer screw snaps off. Dig 
out the old washer with a penknife to expose 
the screw. Use pliers to twist the screw loose. 
If this does not work, replace the stem, 
a A pipe connection is rusted solid. Try pen¬ 
etrating oil, but it probably will not help on a 
badly rusted pipe. If it does not, clean off the 
exterior rust with a wire brush so you can get 
a good grip with a wrench, and try a technique 
called jolting. With the pipe or nut gripped 
tightly with a pipe wrench, give the end of the 
wrench a sharp rap with the heel of your hand. 
Do not use a hammer, however. Jolting is often 
more effective than simply pulling with both 
hands. If it does not work, slip a length of pipe, 
two to three feet long, over the wrench handle 
to get additional leverage. (NOTE: Use this 
method only with wrenches at least 18 inches 
long. Jolting can harm a smaller one.) 


■ A piece of pipe has broken off inside a fitting. 
If enough of the broken pipe protrudes, try to 
remove it with a pipe wrench. Otherwise, use 
a pipe extractor. This ingenious tool, which 
looks like a large, stubby drill bit, can be pur¬ 
chased in a plumbing supply store. When 
tapped lightly into the embedded pipe, its 
grooves grip the inside surface of the pipe. A 
wrench can then be used on the square end of 
the extractor to unscrew the broken pipe. If 
this method fails, the entire connection can be 
cut off with a hacksaw and replaced by using 
the technique shown on page 63. 

■ The wrong connection loosens. Unscrewing 
a locknut sometimes causes the pipe to turn 
with it, loosening the connection at the other 
end. To prevent this, use two wrenches (page 
62), one to turn the locknut and the other to 
hold the pipe stationary. (NOTE: The double- 
wrench technique should always be used 
when removing pipe from the outlet side of a 
shutoff valve, as in the case of a faucet supply 
pipe. One wrench turns the pipe while the oth¬ 
er holds the valve so that it does not loosen and 
release a spray of water from the inlet side.) 

a The drain-trap collar sticks. The slip nut at 
the top of the drain trap, called a collar, may 
be relatively fragile and thus difficult to grip 
both tightly and safely. It is often made of light¬ 
weight alloy that tends to crumble when 
gripped too hard with a smooth-jawed wrench. 
Switch to a tooth-jawed pipe wrench and grip 
the corners rather than the smooth surfaces. If 
that does not work, or if the nut has oxidized 
solidly onto the threads, it can usually be 
cracked loose with a few sharp strokes of a 
heavy hammer on a cold chisel. 

The ability to overcome these problems and 
to perform your own plumbing maintenance 
can save you a lot of money and anguish. No 
longer need the drip-drip of a leaky faucet 
bring that doleful cry: “Call the plumber!’’ 
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A PLUMBING TOOL KIT 

Plumbing jobs call for a few special tools. Basin 
and socket wrenches, for example, are handy for 
work in hard-to-reach places, and smooth-jawed 
wrenches should be used to protect the polished 
surfaces of certain plumbing fittings. Even a task 
as simple as clearing a blocked drain or toilet re¬ 
quires augers made for the purpose [page 50]. 

Some of these tools are expensive, especially 


since they may be needed only infrequently. For¬ 
tunately, many plumbing-supply outlets rent them 
out by the day. Before buying such tools as a seat 
dresser [opposite, bottom), a socket-wrench set 
[below] or a flaring tool [page 51), look into the 
possibility of rentals in your area. But if you do de¬ 
cide to buy these or any other plumbing tools, do 
not try to save money on cut-rate or bargain 
brands. High-quality tools cost more, but they pay 
for themselves because they make the job easier 
to accomplish properly. 



An assortment of wrenches 

A pipe wrench has toothed jaws, the top 
one of which pivots so that it tightens its grip 
as pressure is applied to the handle Thus a 
pipe wrench does not slip as other adjust¬ 
able wrenches may A monkey, or spud, 
wrench has smooth jaws that are less likely 
to mar bright or soft metal For home 
plumbing repairs, buy these wrenches with 
either 10-or 12-inch handles. Squat sock¬ 


et wrenches, used for work on bathtub and 
shower faucets recessed in the walls, are 
sold in sets of five, along with a bar han¬ 
dle and a storage clip Individual sockets 
also are available 

A basin wrench gets into other tight places, 
such as the concealed faucet parts be¬ 
neath a basin. Its head has three positions 
[dottedlines ], swiveling a range of 180° for 
work at all angles. 


PIPE WRENCH 


MONKEY WRENCH 


SOCKET-WRENCH SET 
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FAUCET WASHERS 



SELF-FORMING PACKING 


<^> 

O-RINGS 


Washers, packing and O-rings 

Plumbing-supply outlets identify the faucet 
washers shown at left by arbitrary trade siz¬ 
es rather than actual diameters, and you 
must use the trade-size numbers in order¬ 
ing them. The chart above shows trade 
sizes within the washers and the corre¬ 
sponding diameters Cin fractions of an 
inch] below. Hard-rubber washers may be 
either flat or beveled: a washer reinforced 
with fiber is usually flat. 

The other materials shown at left prevent 
leaks at faucet stems and handles. Self¬ 
forming packing is usually sold in two-foot, 
graphite-impregnated coils, to be cut and 
used as needed Packing washers and O- 
rings can be purchased individually. 



SEAT WRENCH 


SEAT DRESSER- 



n 
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Two specialized faucet tools 

The tools at left are used exclusively for 
repairing or replacing faucet seats [page 
74J. A high-quality seat dresser, which 
comes with several guides and cutters in a 
range of sizes, is expensive and infrequent¬ 
ly used; it is one of the tools you should con¬ 
sider renting rather than buying. 

A seat wrench, used to remove old faucet 
seats and install new ones, has tapered 
hexagonal and squared ends to fit any seat. 
■The right-angle wrench shown here can be 
turned by hand; an alternative straight, or 
■pencil,” tool must be turned with an ad¬ 
justable wrench. 



PACKING 

WASHER 
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Temporary seals for leaking pipes 

A rubber-lined clamp will cover and seal a 
crack in a straight run of pipe To stop a leak 
at a pipe joint you will need a packet of ep¬ 
oxy seal, which can be molded like putty 
but dries to the hardness of metal Both 
seals are temporary; the pipes or joints 
must eventually be replaced. 


A PLUMBING TOOL KIT continued 

Pipe and Drain Tools 

The objects on this page are used main¬ 
ly in emergencies; many homeowners 
buy them all and keep them readily 
available for the day when a drain clogs 
or a pipe springs a leak. Somewhat less 
essential are the materials and tools op¬ 
posite, which are designed for perma¬ 
nent repairs; you may want to rent the 
more costly ones if you need them. 


Tools for unclogging drains 

The alternating suction and pressure of a 
rubber plunger-it is popularly known as 
a "plumber’s helper' or plumber s friend 
-can unclog toilets, sinks and tubs 

If the plunger fails, a toilet, or closet, auger 
hooks and pulls out clogs in a toilet drain. 
For all other drains, use the dram and trap 
auger, or "snake " 


RUBBER LINER 


RUBBER PLUNGER 
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The tools and materials on this page will en¬ 
able you to bend, cut, solder and seal pipes, 
particularly the copper tubing most often 
used in the home. A tube bender slips over 
the tube to prevent kinking. The tube cutter 
not only cuts the tube but provides a reamer 
that swings out [dottedoutline] to smooth the 
inside of the tube end. For soldering, you will 
need a propane torch and an assortment of 
soldering paraphernalia: a wire cleaning 
brush, wire solder (be sure to get the plumb¬ 
er’s solder, not electrician’s) and a can of 
noncorrosive flux. A rather expensive option 
is a flaring tool, which permits you to connect 
copper tubes without solder. You will need 
solvent cement to join plastic piping togeth¬ 
er; be sure to get the kind that is compatible 
with the type of plastic pipe you are using. 

The three remaining materials shown here 
are sealants. Pipe-joint compound, or pipe 
dope,” provides tight seals at points where 
threaded pipe enters fittings. Wicking is 
sometimes used with compound. A newer 
material, plastic joint-sealing tape, does the 
job of both wicking and compound. 


WIRE 
CLEANING BRUSH 


PLASTIC ' 

JOINT-SEALING TAPE 



FLARING TOOL 


TUBE BENDER 
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A HOME PLUMBING SYSTEM 

The plan of the plumbing system in a typical three- 
bathroom house may look like a maze of pipes and 
fixtures-at first. It becomes easy to understand, 
however, when it is seen as a map of four separate 
but interrelated systems, one each for cold water, 
hot water, draining and venting. 

Cold water enters the house through a service 
pipe [bottom], flows through a valve that can shut 
off all water, then goes through a meter and past a 
faucet that can drain the water supply lines [page 
67]. Between floors the water travels in riser pipes. 
Starting at a water heater, hot-water pipes parallel 
the cold. One system or the other (or both) runs to 
every water-using fixture and appliance. 

In the pipes of these first two systems, water 
moves under pressure The pipes can therefore be 
small, usually from three eighths to three quarters 
of an inch in diameter; they are generally straight, 
making right-angle turns with “elbows” and con¬ 
nections with “tees.” Most fixtures have their own 
shutoff valves and some have check valves to pre¬ 
vent water from flowing backward into the wrong 
line. Near some fixtures, dead-end sections of pipe 
called air chambers forestall the noisy vibration 
known as water hammer [page 67]. 

The drain system begins with the water-filled 
traps that are under every fixture and inside every 
toilet bowl. Traps are U-shaped so that water al¬ 
ways remains in the bottom of the U, sealing off 
the drain system; thus gases from the sewers are 
prevented from entering the house. From the 
traps, drainpipes carry waste water to a vertical 
pipe called a soil stack and thence to the main 
house drain. All these pipes must slope down¬ 
ward, since the supply system’s pressure is absent 
and only gravity makes the waste water flow. To re¬ 
duce the possibility of blockage and to ensure a 
fast, even flow in the absence of supply pressure, 
drainpipes have smooth interior surfaces with 
gentle bends, and are large, usually one and a half 
to four inches in diameter. 

The fourth plumbing system consists of the 
vents; pipes connecting drains to open stack vents 
on the roof. Vent pipes contain no water, but carry 
gases outside and admit fresh air to maintain at¬ 
mospheric pressure in the drains (without this 
pressure, the flow of waste water would suck the 
water from the dram traps). 
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A HOME PLUMBING SYSTEM continued 



Some Vital Parts 


DIRECT- 

READING 

METER 


STACK VENT 


FLASHING 


Fresh-air inlet 

The primary function of this air inlet is to 
serve a main house trap, as shown on the 
preceding page. The inlet, set into an exte¬ 
rior wall and protected by a perforated 
metal plate, admits fresh air to maintain 
normal atmospheric pressure at the house 
trap. In harsh climates, the inlet serves 
an additional purpose Warm air from a 
dram system tends to condense inside the 
stack vent on the roof [above], forming 
rings of frost that can turn into solid ice and 
seal the vent; the cold air admitted by a 
fresh-air inlet helps avert this condition. 


Certain components of the plumbing 
system are regularly noticed by ev¬ 
eryone but often misunderstood or 
misused. Few people associate the 
vent on a roof with plumbing at all; on 
the other hand, many seem to be¬ 
lieve that sink traps are there to keep 
dropped rings and bobby pins from 
getting into the sewer 
Every component on these pages 
is vital to the operation of a plumbing 
system. Knowing what they look like 
and how they work will help you cope 
with the system in your home. 


Two types of water meters 

Water meters register either the number of 
gallons or. as shown here, cubic feet of wa¬ 
ter used. A direct-reading meter [bottom] 
gives the total at a glance A cumulative- 
reading meter has several dials, each ind; 
eating a digit in the total figure First read 
the dial showing the largest units (100,000 
in this example), then successively smaller 
ones; disregard the smallest dial since it 
moves so fast that its digit is insignificant in 
the total Both these meters register 60232 
In computing usage this figure would be 
compared with a previous reading 


CUMULATIVE- 

READING 

METER 


Jutting above the roof to release gases and 
admit air, the stack vent, if not properly in¬ 
stalled, can become clogged by snow or 
ice. To decrease this danger the vent 
should extend well beyond the roof line and 
be at least four inches wide The flashing at 
the vent base provides a watertight cover¬ 
ing over the point where the vent pierces 
the roof: leaks in flashing should be sealed 
with roofing cement. 


Stack vent 
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Basic values 


A gate valve [top left) is always used as the 
main shutoff valve, because in the open posi¬ 
tion, as shown here, it offers no resistance to 
the full flow of water. The gate valve should 
be set only fully open or closed; in the half¬ 
open position the valve will vibrate. Globe 
valves function smoothly even when partially 
closed. Two types are shown here: an angle 
globe [top right], in which the water makes a 
right-angle turn, and a straight globe [bottom 
right] In both types, water passes through 
the spherical chamber that gives the valve its 
name. A check valve [bottom left] which pre¬ 
vents backflow of supply or drain water, can¬ 
not be controlled by hand. Water flows freely 
in the direction indicated by the arrow: water 
moving in the opposite direction forces the 
swing check shut. The access plug can be 
removed for cleaning or repair. 

The valves shown here are threaded to ac¬ 
commodate steel or brass piping. Similar 
valves, with smooth inlets and outlets, are 
available to join with plastic or copper tubing. 


Drain traps 

The two traps shown below perform the 
same function, but in different parts of a 
plumbing system. The house trap [right] is 
located on the main drain; the P trap [left] 
under sinks, tubs and showers. Both trap 
waste water in a U-shaped bend, creating a 
seal against sewer gases. They may be 
made of chrome-plated brass, copper or 
plastic and they may have cleanout plugs 
that provide access if the trap becomes 
clogged [pages 90-91 ] 
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WATER-TREATMENT DEVICES 

Americans have the safest water in the world piped 
into their homes. Yet, one survey reported that 29 
per cent of Americans complained about water 
appearance, taste, odor and-the greatest gripe of 
all - mineral-loaded hard water. 

Fortunately, a number of water-treatment devices 
are readily available to eliminate such complaints. 
The simplest are water filters [below], easily 
installed with the techniques described on pages 
58-65. A porous cartridge traps particles of 
sand, silt or rust that cause cloudy water If an 


activated-charcoal cartridge is used, the filter can 
remove the objectionable taste and smell left by 
chlorine purification treatments. 

More complex is the water softener [opposite], 
widely used where water is so hard that it reacts 
with bath soap to leave a ring of gray scum around 
tubs and lavatory basins. The softener removes 
the hardness from water by an exchange process. 
The hardness-causing minerals, magnesium and 
calcium, which react with soap, are exchanged for 
sodium, which does not react, as the water passes 
over sodium-containing plastic beads. The beads 
are replenished with sodium by bathing them with 
salt water-a sodium-chloride solution. 



Installing a water filter 

Many manufacturers provide easy-to-use 
installation kits, adaptable to steel, copper 
or plastic pipe, for their filters, which swirl 
water through a cartridge [cutaway , below 
at left] To put one into a main line to treat 
all incoming water, cut a section from a 
horizontal pipe and insert valves and con¬ 
nections for the filter cap [left], using tech¬ 
niques shown on pages 58-65. For the 
vertical pipe serving a kitchen sink, install a 
U-shaped section of piping [below]. 

Fitter cartridges should be replaced about 
twice a year. A sediment cartridge, which 
gradually darkens with use, should be 
checked visually and replaced before it be¬ 
comes so clogged that it reduces water 
pressure Important Close valves before 
removing a filter housing 



COLD- 

WATER 

SUPPLY 

LINE 
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Softening hard water 

In ordinary use, water flows only through 
the softener's mineral tank and does not 
enter the brine tank. From the inlet con¬ 
nected to the main supply line, water pours 
[arrows] over a bed of plastic beads that re¬ 
act with hardness minerals, replacing their 
calcium and magnesium with the beads' 
own sodium. The water, now containing 
sodium minerals instead of calcium and 
magnesium ones, goes up the core pipe to 
the outlet and the house plumbing. 

As the beads lose their supply of sodium 
and build up calcium and magnesium, 
their activity must be regenerated [dia¬ 
grams, below]. The timer temporarily dis¬ 
connects the softener tank from the house 
supply and starts a cycle of washing the 
beads with sodium solution (salt water, or 
brine), which is then removed via the float- 
controlled brine well [near left]. 


1 Reuerse-flow backwash 

The regeneration cycle begins as water 
flows down the core pipe and up through 
the plastic beads in a process that flushes 
dirt out through the drain. 

2 Recharge 

Salt water from the brine tank flows down 
through the beads, picking up their accu¬ 
mulated calcium and magnesium as it de¬ 
posits its sodium on them. The solution, 
now laden with calcium and magnesium, 
passes up the core pipe and out the drain. 

3 Rinse 

Finally, water from the main supply line 
flushes unused brine from the mineral tank 
and flows through the brine well to dissolve 
salt in the brine tank for the next cycle. 


1 A 

Uo 

JL 

o U BACKWASH 


r-tr-r 
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FIKII\IG PIPE 

Every water supply pipe in your home will be one 
of three kinds: copper pipe (technically called 
tube or tubing); pipe made of other metals, usual¬ 
ly steel or brass; or plastic pipe. Using proper 
tools, you can work with all three, as shown here 
and on the next pages. 

Copper tubing carries water in more homes than 
any other kind of pipe. This lightweight, thin-walled 


pipe is versatile, durable and, in its flexible form, 
easy to cut or bend [below]. For some jobs, such as 
replacing a length of burst pipe, a copper tube 
should be soldered, or “sweated," at the joints 
[pages 60-61 ]. But for such jobs as adding a new 
shutoff valve to an existing line, the compression and 
flare fittings shown at right have self-sealing joints 
that can easily be disassembled and reassembled 
without the need for soldering tools and materials. 
And since flexible tube comes in standard sizes, 
many fittings are readily available. 


Bending flexible copper tube 

To prevent flexible copper tube from kink¬ 
ing as you bend it, slip a coiled, springlike 
tube bender along the tube until it covers 
the area to be bent Then, using your 
thumbs or your knee as a fulcrum, bend 
the tube with your fingers or hands. When 
you have bent the tube to the desired curve, 
remove the tube bender 




Using a tube cutter 

To cut rigid or flexible copper tubing, fas¬ 
ten a tube cutter on itand turn the knob until 
the cutter is snug Rotate the cutter on its 
cutting wheel and rollers, tightening the 
knob slightly after each complete turn until 
the wheel cuts through the tube 
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1 A fast fitting for flexible tube 

One of the simplest devices for connecting 
sections of tubing is a compression ring. In 
the drawings at left it is used to join a tube to a 
shutoff valve. Over the tube slip the com¬ 
pression nut, then the compression ring, 
which is tapered at top and bottom for use on 
metal tubing, and on the bottom only for plas¬ 
tic tubing [inset]. Insert the tube into the 
threaded outlet of the valve. 

2 Completing the connection 

First tighten the compression nut onto the 
threaded outlet with your fingers; then, with 
an adjustable wrench, tighten the nut until 
it is just snug (overtightening will deform 
the compression ring and cause a leaky 
connection]. The nut will squeeze the ta¬ 
pered compression ring between the tube 
and the outlet to form a watertight seal. 



1 Preparing a tube for a flare fitting 

An alternative method for connecting flex¬ 
ible copper tubing without using solder is 
the flare fitting, which requires a special 
flaring tool [page 51]. Open the die block 
of the flaring tool by unscrewing the wing 
nuts. Slip a compression nut onto the tube 
—and be sure to do it now; you won't be 
able to add the nut after the tube is flared. 
Insert the tube into the die that is exactly the 
tube's diameter. When the end of the tube 
projectsjust beyond the edge of the die, re¬ 
tighten the wing nuts. 

2 Forming the flare 

Attach the flaring tool to the die block so 
that the tapered flaring head is inside the 
end of the tube, then drive the head into 
the tube by slowly turning the tool handle 
clockwise. The tapered head should bend 
the tube’s soft metal sides to an angle of 
about 45°. Withdraw the head by turning 
the handle counterclockwise. 

3 Attaching the flared tube 

Unscrewthewing nuts and lift up the top of 
the die block to remove the tube. The end 
of theflared tube should now fit snugly over 
the tapered end of any fitting designed for a 
flare connection. To complete the connec¬ 
tion screw the compression nut onto the 
threads of thetapered fitting, using your fin¬ 
gers; then tighten the nut with an adjustable 
wrench until it is snug. Do not overtighten. 
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FIXING PIPE continued 


Soldering Copper 

A soldered connection on flexible or 
rigid copper tubing will be stronger 
than the tube itself if you follow the 
basic steps on these pages. First, be 
sure that the tube ends are well cut 
and reamed, and perfectly round; re¬ 
move squashed or dented ends with 
a tube cutter. Next, clean the surfac¬ 
es to be soldered of moisture, dirt, 
grease and, above all, the film depos¬ 


ited on copper by oxidation This film 
can be greenish, but often it is not 
even apparent to the eye Always use 
flux, a pasty substance that keeps 
the working areas clean and bright 
by preventing oxidation Finally, re¬ 
member that the basic technique of 
soldering copper calls for heating 
the metal, not the solder. You should 
apply the flame of a torch to the cop¬ 
per connection until the metal is hot 
enough to melt solder; never aim the 
torch directly at the solder. 


1 Cleaning the inside of a fitting 

The soldering job shown on these pages 
consists of attaching a right-angle elbow fit¬ 
ting to a copper tube Start the job by scour¬ 
ing the interior of both ends of the elbow 
with a wire brush Twist or rotate the brush 
vigorously, inserting it deeply enough to 
reach all the areas you will solder. 



ELBOW FITTING ELBOW SOCKET 


WIRE CLEANING BRUSH 


2 Cleaning the copper tube 

Clean the end of the copper tube by rub¬ 
bing it with emery cloth until the metal 
gleams brightly Do not use a metal file or 
steel wool for this part of the job a file will 
shave a thin layer of metal from the tube, 
while steel wool may leave almost invisible 
strands of steel clinging to the copper 



EMERYCLQTH 
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3 Applying flux to the fitting... 

After cleaning the copper surfaces, coat 
them with fluxas soon as possible. The best 
flux is sold in paste form, and is applied with 
a small brush. Start this part of the job by 
brushing flux onto the inner surface of the 
fitting. A thin film is enough; too much flux 
can hinder the soldering process. 


4 ...and to the tube 

Brush a thin coating of flux onto the clean, 
bright end of the tube, following the proce¬ 
dure described for the fitting [aboveJ. Insert 
the end of the tube into the socket of the el¬ 
bow. When the tube is all the way in, give it 
a single full twist to spread the flux evenly 
over both copper surfaces. Wipe off excess 
flux with a clean rag 


5 Heating the joint 

Light a propane torch and heat the outside 
of the elbow socket, moving the flame 
slowly and evenly Never direct the torch 
into the joint: you will burn away the flux and 
must then disassemble the fitting and start 
over. Test the temperature of the metal by 
touching the solder to the tube. When the 
solder melts, the connection is hot enoug h: 
go on immediately to the next step. 




6 Soldering the heated joint 


Divert the flame from the fitting and apply 
the solder to the outer end of the hot joint. 
You need not move the solder; by a pro¬ 
cess called capillary action, melted solder 
will be drawn into and around the entire 
space between the tube and the elbow [in¬ 
sert]. When solder spills from around the 
joint, the job is done. Wipe off excess sol¬ 
der with a clean rag. 
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FIXING PIPE continued 




Threaded Pipe 

Threaded pipe is easy to assemble 
with wrenches [below) and sealant, 
but removing a section presents a 
special problem. Since both ends of 
a pipe are threaded in the same di¬ 
rection, the pipe cannot turn, trying 
to unscrew it from a fitting at one end 
jams it tight against the fitting at the 
other. To avoid this problem, a length 
of threaded pipe may consist of sec¬ 
tions joined by a coupling called a 
union, which comes apart to sepa¬ 
rate the two pipe sections; then each 
can be unscrewed from the fitting at 
its other end. When a pipe without a 
union must be replaced, it is cut in 
two and replaced by a pair of pipes 
with a union [opposite). 


COMPOUND 


Sealing threaded connections 

To make a watertight seal between threads 
on pipes and fittings, use either fine wick- 
mg and pipe-joint compound (also called 
pipe dope), or plastic joint-sealing tape In 
the first method [top), run a strand of wick- 
ing across the threads, then wind it clock¬ 
wise into the threads Coat the wicking and 
threads with a thin layer of compound 

Sealing tape [bottom) is more expensive 
than compound, but less messy Wind one 
and a half turns of tape clockwise over the 
threads, exerting just enough tension to 
make the threads show through the tape. 


Connecting threaded pipe 

Two pipe wrenches should be used to put 
threaded pipe into a fitting (or to take it out) 
one to make the fitting turn, the other to 
hold the pipe stationary-if not held, the 
pipe will tend to turn with the fitting, strain¬ 
ing all its connections. Always exert pres¬ 
sure on a pipe wrench in the direction of its 
jaw opening. In the picture at left, the pres¬ 
sure on the turning wrench is toward the 
user [arrow); the pressure on the station¬ 
ary wrench is.away from the user. Allow a 
little play in the wrenches, when you start 
turning, the jaws will clamp tight. 


pipe-joint 

TAPE 


PIPE 


ELBOW 

FITTING 


STATIONARY 
PIPE WRENCH 
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1 Removing a leaking pipe 

To replace a threaded pipe that has no 
union coupling, turn off the water and cut 
the pipe with a hacksaw. Then, using two 
pipe wrenches—one to hold the fitting, the 
other to turn the pipe-unscrew each half 
of the severed pipe. 



NEW 
THREADED PIPE 


UNION 


2 Preparing a replacement section 

Take both halves of the old pipe to a plumb¬ 
ing supply store for a replacement, which 
consists of two new threaded pipes and a 
union. With the old pipe halves before him, 
the clerk can match their metal and diam¬ 
eter with new pipes, and gauge the length. 
Joined by a union, the two new pipes will 
be exactly the length of the old pipe. 



3 Assembling the union 

Slip the large ring nut over one of the pipes. 
Apply sealing tape or wicking and pipe 
compound to the threads of the new pipes. 
Screw the two smaller parts of the union 
onto the new pipes by hand: then, using 
two wrenches, screw them tig ht. 


4 



4 Making the connection 

Screw the new pipes into the fittings and 
tighten them firmly with two wrenches. The 
two halves of the union should now just 
touch: if necessary, turn one of the fittings 
slightly to bring the union parts together. 
Screw the ring nut onto the exposed union 
threads with your fingers. Then with one 
wrench on the ring nut and the other hold¬ 
ing the union piece facing the nut, tighten 
the union assembly firmly. 
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FIXING PIPE continued 


Plastic Pipe 

Of all the different kinds of pipe, plastic 
is by far the easiest to work with. It 
is lighter than copper tube and far light¬ 
er than galvanized pipe. In addition, 
the plastic material will resist damage 
from corrosion, freezing and roots, and 
acts as an insulator to reduce conden¬ 
sation. One type is so flexible it can 


be snaked around almost like electrical 
wires. Of the four plastics (table, oppo¬ 
site at bottom), only CPVC and poly¬ 
butylene can withstand both pressure 
and hot water; the others have limita¬ 
tions that restrict their uses. 

The rigid varieties are easily cut and 
assembled, and can be joined with sol¬ 
vent cement by the method shown be¬ 
low and at right, flexible pipe uses 
clamped insert fittings. 


1 Preparing rigid pipe for a fitting 

Cut rigid plastic pipe with a fine-tooth saw 
or atubecutter equipped with a fine cutting 
wheel Use a knife to remove ridges, burrs 
and loose strands of plastic from the inside 
of thecut end. and trim the outside to a bev¬ 
el so that it slides into the fitting easily. Try 
out the fit The end of the pipe should go 
I into thefitting so snugly that the pipe will not 
fall out when it is pointed downward; if it 
comes out. try another fitting-they vary 
slightly in diameter 



2 Applying solvent cement 

Make sure both parts are clean and dry 
With this rigid type, remove the surface 
gloss on the outside of the pipe end and the 
inside of the fitting with fine sandpaper. For 
the cementing, use a small, natural-bristle 
brush, apply a liberal layer of solvent ce¬ 
ment to the end of the pipe and a thin layer 
to the inside of the fitting The cement dries 
very rapidly, so keep the can covered as 
much as possible Important Be sure to 
use the right cement for the plastic you are 
working with; check the label on the can. 
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3 Joining the parts 

Within a minute after applying cement, slip 
the pipe into the fitting and give it a quarter 
turn [arrow] to spread the cement evenly. 
A well-made joint will show an even bead 
of cement between the pipe and the fitting. 
If it does not, separate the pieces- if the ce¬ 
ment has not already bonded them togeth¬ 
er—and apply more cement. Quickly make 
sure the pipe and fitting form the angle you 
want-thecementsetsin 15 seconds. Wipe 
away any excess cement and let the joint 
harden for at least an hour, but preferably 
overnight, before using it. 


Joining rigid plastic to threaded metal 

With the adapter shown at right, you can at¬ 
tach CPVC rigid plastic pipe to any female 
threaded fitting. Apply sealant to the pipe 
threads [page 62] and screw the threaded 
end of the adapter into the pipe. Then apply 
solvent cement to the plastic pipe [opposite] 
and the female end of the adapter, and 
bond them together. 

Insert fittings for flexible plastic 

Fittings for both hoses and flexible plastic 
pipe are made like the connector shown at 
right. An insert fitting—a ridged device 
made of rigid plastic or brass-fits tightly 
into the ends of two pipes being coupled and 
is held by clamps that are looped around the 
pipes and tightened by screws. 




A guide to plastic pipe 

The four kinds of plastic pipe listed at right 
are generally known by abbreviations of their 
chemical constituents, and these letters are 
usually printed directly on the pipe. Never 
mix one kind with another, and always be 
sure that you know which plastic—and also 
which corresponding joining method-you 
are working with 


Material 

Form and use 

Joining method 

PVC 

Polyvinyl chloride 

Rigid pipe; used in drain 
and vent systems and in 
cold-water supply lines 

PVC solvent cement 

CPVC 

Chlorinated polyvinyl 
chloride 

Rigid pipe; used for hot- 
and cold-water supply lines 

CPVC solvent cement 

PE 

Polyethylene 

Flexible pipe; used for 
outdoor cold-water supply 
lines 

Insert-and-clamp fittings 

POLY 

Polybutylene 

Flexible pipe; used for hot- 
and cold-water supply lines 

Insert-and-clamp fittings 
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FIXING PIPE continued 



EPOXY CEMENT 


Pipe Problems 

Plumbing problems or emergencies 
can crop up at any time in the life of a 
house. Corrosion eats away at pipes 
and opens leaks. More dramatically, 
exposed pipes freeze; and when the 
pipes thaw, water spouts from cracks 
left by the expanding ice. Or your 
home may be plagued by the prob¬ 
lem that is appropriately called wa¬ 
ter hammer: a thunderous bang that 
echoes through the house when a 
faucet is turned off. 

All these problems are surprising¬ 
ly easy to solve. You can thaw a fro¬ 
zen pipe (below), and then repair the 
leaks in it (right). The cause of wa¬ 
ter hammer is an abrupt stoppage of 
rushing water; shutting off the faucet 
generates shock waves along a run 
of pipe that create the characteristic 
clatter and bang Most plumbing sys¬ 
tems have air chambers to cushion 
the shock, but you must drain water 
from them periodically (opposite). 


Thawing a frozen pipe 

A frozen pipe is easy to detect: faucets will 
not yield water when turned on. Locate the 
frozen area by touch if possible, or thaw an 
entire run. (Caution: Be sure to open the fau¬ 
cet to let melted ice run out. And always work 
along a pipe starting from the faucet end, 
otherwise, ice could prevent steam from es¬ 
caping and the pressure build-up could ex¬ 
plode the pipe.] You can improvise a thawing 
implement; a hair drier or a heat lamp will do. 
The two methods described below are more 
efficient than others: 

Affix a flame spreader to a propane torch 
(right), and place a heatproof pad behind the 
pipe to protect the wall. Play the torch along 
the pipe, beginning at the faucet Important. 
Keep your torch moving, and do not get any 
part of the pipe so hot that you cannot touch 
it. Warm the pipe especially gently if it is 
made of plastic. 

Alternatively (far right), wrap electric heating 
tape around the frozen area To speed thaw¬ 
ing, wrap insulating tape around the heating 
tape Heating tape can also be used as a 
preventive measure in winter. 


Patching a leak 

Epoxy cement (above) or a pipe clamp 
(right) will temporarily seal leaks in pipes 
until a section dr run can be replaced Ep¬ 
oxy works best where pressure is low-on 
joints and drains. Before applying it, turn off 
the water to the pipe and wipe the crack 


clean and dry Then spread the cement 
onto the joint or drainpipe with a putty knife. 
It will form a hard, watertight seal. On any 
straight run of supply pipe or drainpipe, a 
pipe clamp can be used Obtain the right 
sized clamp for your pipe, and be sure the 
clamp s rubber lining is fixed directly over 
the leak before you tighten the screws. 
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Chambers that stop water hammer 


To prevent the noise and damage of water 
hammer, most pipes leading to faucets and 
other fixtures are equipped with air-filled 
chambers-capped pipe sections [above] 
or special water-hammer arresters. The air 
trapped in these dead-end chambers pro¬ 
vides a cushion for water shut off at a fix¬ 
ture—water that would otherwise rattle and 
loosen the pipes. 

In time, the water level in an air chamber 
will slowly rise, as water absorbs the cham¬ 
ber's trapped air. When most of the air is 
gone, water hammer will recur. If your 
own plumbing system is equipped with air 
chambers but resounds with water ham¬ 
mer. you should drain the entire system, as 
explained in the box at right The faucets 
you open in draining the system will admit 
fresh air to the chambers. 


Draining Your Plumbing System 

The plumbing system of a house could be 
drained for any of several reasons: to restore 
air to air chambers; to permit large-scale re¬ 
pairs; and. above all, to prevent pipes from 
freezing. If you plan to leave your house un¬ 
heated during part of the winter, or if a power 
failure or fuel shortage cripples your heating 
system, you must drain your plumbing to avoid 
costly damage; freezing water can crack 
pipes, traps and even toilet bowls. 

Begin the job by closing down the main 
shutoff valve to stop water from entering the 
system. Go through the house, opening every 
faucet and flushing every toilet. Then turn 
off the power to the water heater and—if 
you have hot-water or steam heat—to the fur¬ 
nace; drain them from their own drain faucets. 
If you have hot-water heat, first open the valves 
of every radiator, and then completely remove 
an air vent from a radiator on the top floor to 
maintain air pressure as the heating lines drain 
into the boiler. 

Now open the drain faucet on the main sup¬ 
ply line in the basement. This faucet is vital, 
for it releases any water that may remain in 
the system: but unfortunately, not all houses 
have it. If yours does not. it is definitely worth 
the money to have a plumber install one—and 
while he is in the house to do the job, ask 
him to see that all the supply pipes are pitched 
at the right downward angle to ensure fast, 
smooth drainage. 

Next, use a cup and a sponge to bail the 
water left in the bottoms of the toilet bowls, and 
pour some antifreeze into the traps and toilet 
bowls. Automotive antifreeze is fine if you are 
hooked up to a city sewerage system: use the 
nontoxic antifreeze made for recreational vehi¬ 
cles and mobile homes if your house is served 
by a septic tank. 

Finally, make a checklist of every pipe, fix¬ 
ture and trap that you drained, and every vent 
that you opened, so that next time the job will 
go quickly and even more easily. 
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Replacing Outmoded 
Fixtures 


The most visible parts of any household plumb¬ 
ing system are its fixtures-the kitchen sinks, 
bathroom lavatories, bathtubs, showers and toi¬ 
lets. They are generally so sturdy they last for 
generations. Most of the older ones still in use are 
as plainly functional as the pipes that serve them. 
But in recent years there has been a trend to fix¬ 
tures that are as attractive as they are utilitarian. 
In fact, not since the turn of the century, when 
English craftsmen adorned plumbing creations 
like the combination bathtub and shower stall il¬ 
lustrated at right, has there been such a wide¬ 
spread effort to beautify the once-lowly house¬ 
hold plumbing fixture. 

Manufacturers have turned to new materials — 
stainless steel, plastics and epoxy-enriched ce¬ 
ramics, for example- new designs and a palette 
of new colors to produce a generation of fixtures 
both esthetically pleasing and technologically 
superior to the old utilitarian fixtures. Yet, be¬ 
cause basic plumbing systems are virtually the 
same today as they were a half century ago. it is 
possible to replace your old white lavatory with a 
decorative new one with little more effort than it 
takes to replace a faucet or a drain. 

But before you go shopping for replacement 
fixtures, there are a few things you should know. 

■ Sinks, tubs and lavatories are usually sold with¬ 
out such fittings as faucets and pop-up drains, 
which must be purchased separately. Bases for 
countertop lavatories also, as a rule, cost extra. 

■ Although the location of the existing pipes will 
dictate where replacement fixtures may be in¬ 
stalled, do not feel that you must replace an old 
unit with a new one of the same shape or type. 
Fixtures are available to suit special space require¬ 



ments. It is possible to fit two matching lavatories 
in the same space-and with the same pipes- 
formerly used by one. Or you might find that 
a four-foot-square bathtub —in which you can 
stretch out more than five feet diagonally—fits 
your space and taste better than the more familiar 
elongated shape. 

With this general information in mind, here is 
what you can expect to find when you set out to 
replace one of your basic fixtures: 


KITCHEN SINKS. The white-enameled cast-iron 
or steel sink that was the standby of American 
kitchens for decades is being replaced by counter- 
top units of stainless steel or epoxy-enriched por¬ 
celain. The stainless-steel sinks, which can be 
formed in any of a variety of sizes and shapes, are 
considered superior to the enameled types for du¬ 
rability, corrosion resistance and ease of cleaning. 
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But stainless steel can be dented and scratched. 
Also, a stream of running water tends to be noisy in 
a stainless-steel sink unless there is an aerator at¬ 
tachment on the faucet [page 85). And stainless 
steel comes only in its natural silvery gray color. 
The new porcelain sinks are available in many col¬ 
ors as well as the traditional white. They are tough, 
durable and expensive. 

All types of sinks can be fitted with either two- 
handled stem faucets or the newer single-lever 
faucets. Other popular options are spray attach¬ 
ments, dispensers for soap and hand lotion, and 
garbage disposers. 

BATHROOM LAVATORIES. The old-fashioned vit¬ 
reous china, with its glasslike, easily cleaned sur¬ 
face, is still a popular material for lavatories. But 
instead of the white, rectangular-shaped, free¬ 
standing basins of the past, you are more likely to 
find brightly colored round or oval units that are 
designed to be set into vanities or countertops. 
Some lavatories are sold already installed in cabi¬ 
nets. Lavatories are also available in enameled 
cast iron or steel, as well as in acrylic and cast- 
polyester plastics patterned to simulate fine mar¬ 
ble. Some plastic types offer other unusual pat¬ 
terns and designs. 

Lavatory fittings include a wide variety of fau¬ 
cets ranging from simple chrome-finished types 
to gold-plated units that cost more than the lav¬ 
atory. Useful accessories include pop-up drains, 
shampoo sprays and soap dispensers. 

BATHTUBS. Although more Americans bathe in 
enameled cast-iron or steel tubs than any oth¬ 
er type, acrylic and fiberglass-reinforced plastic 


tubs are gaining in popularity. Not only do they 
feel pleasantly warm to the body, but their light 
weight—about 65 pounds each —makes it possi¬ 
ble to install one without brawny helpers. Some 
manufacturers market a plastic tub-and-shower 
combination that can be assembled to form a wa¬ 
tertight cubicle without the use of tiles or grout¬ 
ing on adjacent walls. 

While a standard tub is about five feet long and 
some 30 to 32 inches wide, there are many long¬ 
er and wider models to choose from—all the way 
to one makers supertub, seven by five and a half 
feet. Most of today’s tubs are connected only to a 
drain, with faucets and shower heads coming out 
of adjacent walls; thus they can be placed in a 
number of locations-free-standing, protruding, 
recessed, cornered or sunken. 

Most modern bathtubs are fitted with a single 
set of controls for the tub spout and shower 
[page 92). Some controls have mixing valves to 
assure desired water temperatures, and diverter 
valves that automatically switch water to the tub 
spout after you shower, preventing a wet surprise 
for a tub bather. 

TOILETS. The three basic types of toilets—wash¬ 
down, reverse-trap and siphon-jet—all resemble 
one another, with separate bowls of vitreous chi¬ 
na and tanks of either fiberglass-reinforced plas¬ 
tic or vitreous china. But the reverse-trap type is 
superior to the old wash-down toilet, and the 
siphon-jet type [page 101) is even better. Best of 
all is the one-piece toilet, which combines bowl 
and tank in a single unit and can be mounted on 
the floor or hung from a wall. It is more attractive 
and much quieter than any of the others. 








REPAIRING FAUCETS 


Faucets come in so many different shapes and siz¬ 
es that the only thing they seem to have in com¬ 
mon is that water flows from all of them. Exterior 
appearances are deceiving, however. All faucets 
can be separated into two broad groups: stem fau¬ 
cets, shown here and on the following pages, and 
single-lever faucets [pages 76-79). 

Every stem faucet, no matter what the style of its 
handle or housing, contains three (or sometimes 
four) simple parts. There is the stem itself, a thread¬ 
ed metal shaft. A washer at the bottom of the stem 
plugs or opens a water supply line to control the 
flow of water. And a large packing washer or a 
doughnut-shaped band called an O-ring prevents 
water from seeping out at the handle or spout. The 
pictures at right and at the bottom of the opposite 
page show how these basic parts are arranged in 
three different stem-faucet systems. 


HOT-WATER HANDLE 


PACKING NUT 


PACKING WASHER 


STEM THREADS 



STEM 


FAUCET SEAT 


HOT WATER 


Troubleshooting Stem Faucets 


Problem 

Cause 

Solution 

Water drips from spout 

Washer is worn 

Replace washer [pages 72-73) 

With new washer, water 
still drips from spout 

Faucet seat is worn 

Dress or replace faucet seat 
[page 74) 

Water leaks around top of 
stem 

Packing or O-ring is worn 

Repack stem or change O-ring 
[page 75) 

Water leaks around spout 
base 

Spout O-ring is worn 

Change O-ring on base of spout 
[page 84) 

With new O-ring or 
packing, water still leaks 
from stem or spout 

Stem assembly is worn 

Replace entire stem assembly 

Despite all repairs, faucet 
continues to leak 

Faucet body is worn 

Replace entire faucet [pages 80-83) 
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COLD-WATER HANDLE 


How a stem faucet works 

When the hot- and cold-water handles of 
the stem faucets at left are turned on, the ro¬ 
tating stems ride upward on their threads. 
As they rise, the stems draw the washers 
away from the brass rings called faucet 
seats at the tops of the water supply lines, 
allowing water to flow. When both hot and 
cold water flow through the faucets, they 
mix in the faucet body and run from the 
spout as warm water. When the handles 
are turned to the off position, the stems ride 
downward on their threads. The washers 
press against the faucet seats, shutting off 
the flow of water. 

The packing washer at the top of each 
stem, held in place by a packing nut, pre¬ 
vents water from trickling up past the stem 
and out around the handle when the faucet 
is on. Similarly, an O-ring around the base 
of the spout prevents leaks at the spout nut. 



Reverse-pressure stem 


Top-hat stem 


Standard stem 

This modern design improves in two ways 
upon the stem faucet shown above: the 
stem is threaded into a sleeve, rather than 
into the faucet itself, reducing wear on the 
faucet body; and a locknut and O-ring re¬ 
place the packing washer and nut But with 
a standard stem, new or old, the washer is 
always under pressure and is therefore 
subjected to constant wear. 


Water pressure helps stop the flow of water 
through this faucet. With the handle turned 
on, the stem is lowered instead of raised, 
and water flows around the washer [ar¬ 
rows]. At the off position the stem rises, 
bringing the washer up against the faucet 
seat to shut off water. Water pressure from 
below helps keep the washer firmly seated, 
giving a tight seal with little wear. 


Developed in the 1960s, the top-hat stem 
is named for a diaphragm that resembles 
an inverted top hat and that takes the place 
of both washer and O-ring. The crown of 
the hat serves as a washer, covering the 
faucet seat; its brim prevents water from 
rising along the stem [the O-ring shown 
merely holds the stem steady). The entire 
device is replaced as a unit/page 73]. 
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REPAIRING FAUCETS continued 


Replacing Washers 

When a faucet spout drips, the likely 
cause is a worn washer. To replace 
one, you generally must first remove 
the faucet handle. It may be secured 


by a screw on top (page 71), a set¬ 
screw near the stem (page 77), or 
a screw under a threaded or a snap- 
on escutcheon (below). If the handle 
sticks, apply penetrating oil and wig¬ 
gle gently upward; never bang the 
handle free—the stem might break. 


ESCUTCHEOI' 



After the faucet handle has been taken off, 
a nut underneath must be removed with an 
adjustable wrench to free the stem assem¬ 
bly On the faucet above, it is a plain lock¬ 
nut, but older types have chrome-plated 
packing nuts (page 71). To avoid marring 
the chrome when you unscrew this kind of 
nut. wrap it in adhesive tape 


Lifting off the nut 

When you have loosened the locknut or 
packing nut with your wrench, unscrew it 
by hand the rest of the way and lift it from 
the faucet as shown Now you are ready to 
remove the stem assembly 


Withdrawing the stem assembly 

A stem assembly h’eld by a locknut fits 
snugly into the faucet, and you must draw 
it up firmly to remove it If it resists, jiggle it 
slightly as you raise it. In faucets secured by 
packing nuts, the stem is threaded into the 
faucet Unscrew it after removing the pack¬ 
ing nut, if necessary, screw the handle 
back on to help you turn it. 
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4 Replacing the washer 

The procedure for removing an old wash¬ 
er and installing a new one depends on the 
type of stem assembly involved-standard, 
reverse-pressure or top-hat. In the stan¬ 
dard assembly [below, left], unscrew the 
retaining screw If the screwhead is so cor¬ 
roded that it crumbles when a screwdriver 
is used on it, use pliers to unscrew it. Pry 
outthe old washer with the tip of a knife and 
insert the new washer into the stem cup 
with the beveled side facing toward the 
faucet seat. If your washer is not beveled, 
set the flat, smooth side facing downward. 
(Important: The washer must fit perfectly 
into the stem cup; if your plumbing supply 
store cannot provide the right-sized wash¬ 
er, reduce the diameter of a slightly over¬ 
sized washer by rotating it against a file.) 


Fasten the washer in place with a new re¬ 
taining screw, tightening the screw until it 
compresses the washer slightly and holds 
it firmly in the cup. 

To replace a washer in a reverse-pressure 
assembly [below, center], first remove the 
stem nut with an adjustable wrench. Disas- 
sembleall parts of the stem, then slip a new 
washer onto the threaded end of the stem. 
(Important: The replacement washer goes 
on with the beveled side facing the seat.) If 
the other parts are worn or rusted, replace 
them from a repair kit sold at plum bing sup¬ 
ply stores. Complete the reassembly and 
tighten the stem nut with the wrench. 

In a top-hat assembly [below, right], sim¬ 
ply pull off the old diaphragm and slip a new 
one over the circular stem tip. 



73 

























































REPAIRING FAUCETS continued 


Fixing Faucet Seats 

If a faucet drips even after the wash¬ 
er has been changed, the trouble is 
probably the faucet seat—the rim of 
the opening that the washer press¬ 


es against. This problem is generally 
caused by sediments in the water, 
which wear the seat. A faucet seat 
that is only slightly cut or worn can be 
smoothed down, or dressed, with a 
seat-dressing tool. If the seat is too 
far gone, it must be replaced. 



Checking seat wear 


Remove the stem assembly (page 72j and 
stuff a rag or sponge inside the faucet body 
to soak up the water around the faucet seat. 
Examine the seat with a flashlight to check 
its condition, run a finger over its surface to 
feel for cuts or abrasions. 


Dressing the seat 

The tool that dresses a seat, smoothing out 
a worn edge, comes with a set of different¬ 
sized cutters and seat guides Select a 
cutter that is exactly the size of the faucet 
seat and a guide that will fit snugly into the 
seat's center hole. (Several trials may be 
needed to determine the right sizes.) With 
the cutter and guide in place, screw the 
guide cone down into the faucet body until 
it holds the tool firmly in a vertical position. 
Using the palm of your hand turn the knob 
at the top of the tool a few smooth, even 
strokes Do not exert much downward 
pressure—the seat is soft brass, which of¬ 
fers little resistance When the knob turns 
smoothly and easily the seat is dressed. 
Check again with your flashlight and finger 
for bumpy or uneven spots. If there are any, 
repeat the dressing procedure. 


SEAT-DRESSING TOOL 




Replacing a faucet seat 

Badly deteriorated faucet seats can be re¬ 
moved with a special seat wrench, square 
at one end and hexagonal at the other, use 
the end that matches the opening in the 
seat (If your seat wrench is a straight, or 
"pencil," type, clamp an adjustable wrench 
on it for a handle; a seat wrench bent at an 
angle, like the one shown above, can be 
turned by hand.) After unscrewing the fau¬ 
cet seat, you may have to use needle-nose 
pliers to pull it out of the faucet. Before you 
install a new seat, coat its threads with pipe- 
joint compound to make a better seal 
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Stopping Stem Leaks 


When water seeps up around the top 
of a faucet stem, the cause depends 
upon the type of faucet. If the faucet 
has a packing nut, the fault may be in 
the nut itself, in a packing washer or 
in self-forming packing. In faucets 
with locknuts, stem leaks arise in the 
O-ring on the stem. 


Fixing faucets with packing 

On a faucet with a packing nut, first check 
the nut. Cover it with tape and tighten it 
gently. Never overtighten this nut. If the leak 
persists, remove the nut entirely. If there is 
a packing washer underneath, slide it off, 
slip a new one over the stem, and reassem¬ 
ble the faucet. If you find self-forming pack¬ 
ing, follow the procedure below. 



Using self-forming packing 

Some faucets with packing nuts are sealed 
by self-forming packing, which molds itself 
around the stem under the pressure of the 
nut. If tightening the nut [above] does not 
stop the leak cn such a faucet, remove the 
nut and add two or three turns of packing 
to the old packing. If the existing packing is 
badly worn, dig it out with a knife and wind 
enough turns of packing around the stem 
to fill the packing nut, then add about half 
again as much; the nut will compress the 
packing when you screw it down. 



Changing 0-rings 

To repair a leaky stem that has an O-ring in¬ 
stead of packing, lift out the stem assembly 
[page 72]. Pinch the O-ring so that a sec¬ 
tion of it rises to provide a fingerhold, and 
pull it off. Take the O-ring to the store for an 
exact match, and buy several new ones to 
have a ready supply. Before slipping a new 
O-ring on the stem assembly, lubricate it 
with a bit of grease. Caution: New and 
slightly worn O-rings often look alike; do 
not pile them together or you may not be 
able to tell them apart. 
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HOT WATER 


FAUCET SEAT 
CENTRALCAM 
VALVE STEM 


SPOUT NUT 


O-RING 


FAUCET BODY 


Because of their intricate interior mechanisms, 
you might expect single-lever faucets to give more 
trouble than stem faucets. Just the opposite is the 
case. When a single-lever type begins to drip you 
can fix it quickly and easily with a replacement car¬ 
tridge or a prepackaged repair kit. To be certain 
you get the right repair unit, jot down your faucet s 
brand name and model number before you head 
for the store, or take the worn parts with you. And 


Tipping-valve faucet 

The lever of a tipping-valve faucet moves a 
tapered cam located between the hot- and 
cold-water valve stems. With the lever for¬ 
ward in the on position, the thick end of the 
cam tips the valve stems out of the faucet 
seats, and hot and cold water flow through 
the faucet [arrows]. Pushing the lever from 
side to side changes the proportions of 
hot and cold water; pushing it back to the 
off position slides the cam forward and 
springs force the valve stems into the fau¬ 
cet seats [dotted lines]. Drips occur when 
this mechanical action wears the valve- 
stem assembly, or sediments cut into the 
faucet seats. To stop the leak, use a spe¬ 
cial tipping-valve-faucet repair kit contain¬ 
ing new O-rings, strainer-plug gaskets, 
springs, stems and faucet seats 


ESCUTCHEON 


SINGLE-LEVER FAUCETS 


ON 

LEVER 





SPRING 


VALVE STEM 

FAUCET SEAT 


1 Removing the cover 

Shut off the water supply. Wrap adhesive 
tape around the knurled spout nut to guard 
its finish, then unscrew the nut with wide¬ 
mouthed pliers Pull out the spout and re¬ 
place the old O-ring with a new one from 
the repair kit, lubricating it with a daub of 
grease Pry the escutcheon off the faucet 
body with the tip of a screwdriver 

2 Replacing valve-stem parts 

Unscrew the strainer plugs with an adjust¬ 
able wrench and remove all the parts be¬ 
neath them Unscrew the old faucet seats 
with a faucet-seat wrench, and spread 
pipe-joint compound (a sealant) on the 
new ones before screwing them in. Substi¬ 
tute the other new parts from the kit for 
the corresponding old ones, but reuse the 
old strainer plugs 
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while you have the faucet apart, install all the new 
parts that come with the cartridge or kit, even if 
some of the old ones still look serviceable. 

Like stem faucets, single-lever faucets come in 
a bewildering variety of exterior styles for kitchens 
and bathrooms. Many do not look exactly like any 
of the four shown here and on the following pages 
—but almost every single-lever faucet works on the 
principle of one or another of these four models. 


BRASS BALL 
HOLES 
FAUCET SEAT 
SPRINGS 


Ball faucet 

At the heart of this faucet is a hollow brass 
ball pierced by three holes; the lever rotates 
the ball in any direction. When you pull the 
lever forward to the on position, two holes 
in the ball line up over washer-like rubber 
faucet seats in the hot- and cold-water 
lines; the third hole faces the spout. Water 
runs into the first two holes, mixes inside 
the ball and flows out the third hole to the 
spout. Moving the lever back to the off po¬ 
sition rotates the ball until the holes no long¬ 
er line up with the seats and spout, and the 
ball's surface closes the water lines. 

A repair kit provides new faucet seats, 
springs, a cam assembly. O-rings and an 
ingenious multi-purpose “key" tool. 



HOT WATER 


COLD 

WATER 


O-RINGS 



1 Taking the faucet apart 

Loosen the setscrew at the base of the le¬ 
ver with the key from the repair kit, then pull 
off the lever. Unscrew the cap assembly, 
then lift out the two-piece cam assembly 
and the brass ball beneath it (the two as¬ 
semblies fit together to hold the brass ball 
in place]. Pull the spout from the faucet; if it 
resists, wiggle it gently. 

2 Changing seats and springs 

The faucet seats are pressed against the 
brass ball by small springs. Pull out the old 
seats and springs, and install the new ones 
from the repair kit. Replace the O-rings 
around the faucet body with new ones from 
the kit. (Do not apply grease to these 
O-rings; they are made of materials that 
never require lubrication.] Slip the spout 
into place and reassemble the faucet. 
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SINGLE-LEVER FAUCETS continued 


CARTRIDGE 



HOT WATER 


COLD WATER 


Cartridge faucet: ceramic-disc type 

Two ceramic discs sealed in a cartridge 
control the flow of water in this faucet. Wa¬ 
ter enters the faucet through openings in 
the stationary lower disc; when you manip¬ 
ulate the lever in the usual way (up or down 
for on or off, side to side for hot or cold), 
the movable upper disc permits or pre¬ 
vents the flow of water from each lower- 
disc opening to the spout [below, left). The 
discs are delicate-their smooth surfaces 
must meet in a watertight seal —but servic¬ 
ing them is easy If the faucet beg ins to drip, 
simply replace the entire cartridge 




ON-COLD 


ON-MIXED 


FIXED DISC 
SPOUT OPENING 
MOVABLE DISC 
COLD WATER 
HOT WATER 



1 Extracting the cartridge 

Using an Allen wrench (generally supplied 
with the faucet), loosen the setscrew at the 
base of the lever. Pull the lever off the shaft 
of the cartridge, and unscrew the escutch¬ 
eon cap from the faucet body To free the 
cartridge, remove the two long screws that 
hold it to the faucet body 


2 Replacing the cartridge 

Before installing the new cartridge, check 
the three seals that make tight connections 
between cartridge, water supply lines and 
spout If they have worked loose, push 
them back with your finger. Then reassem¬ 
ble the faucet: secure the cartridge with 
the cartridge screws (do not overtighten), 
screw the escutcheon cap into place, re¬ 
place the lever and tighten its setscrew 
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COLD WATER 




HOT WATER 
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Like the ceramic-disc faucet shown oppo¬ 
site, the sleeve type is repaired by simply re¬ 
placing a cartridge that contains a metal 
sleeve moved by the lever. With the lever 
up, in the on position (above and leftJ, 
openings in the sleeve line up with open¬ 
ings in the cartridge, and water flows to the 
spout. Turning the lever to right or left 
alters the alignment of the cold- and hot- 
water openings; depressing the lever forc¬ 
es the sleeve down, closing the cartridge 
openings and stopping the flow of water. 


ON—HOT ON—COLD ON—MIXED 


ON 



1 Getting at the cartridge 

Press the lever all the way down to the off 
position. Then pry off the lever cover with 
the tip of a screwdriver. Unscrew the lever 
screw, lift off the lever housing and, finally, 
the lever itself. 


2 Replacing the cartridge 

With pliers or an adjustable wrench, un¬ 
screw the retaining nut, then lift off the 
grooved sleeve below it [this is not the car¬ 
tridge sleeve, which you cannot see, but a 
pivot for the faucet lever). Pry out the clip at 
the top of the cartridge with the tip of a 
screwdriver. The cartridge fits tightly into 
the faucet body; use the pliers to pull it out. 
Push the new cartridge into position with 
your fingers, insert the cartridge clip, and 
reassemble the faucet. 
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CHANGING FAUCETS 

Homeowners will often tolerate outmoded kitchen 
faucets in the misconception that replacing them 
is a job for a plumber Actually, substituting a new 
single-lever faucet for separate faucets is a job any¬ 
one can do. The main difficulty is the cramped 
work area beneath and behind the sink To get 
some elbow room, use a long-handled, short- 
jawed basin wrench. 


Before tackling the job, determine whether your 
water supply comes through threaded pipes or 
through plastic or copper tubing, which can be con¬ 
nected with solvent cement or solder, or with com¬ 
pression or flare fittings (pages 58-61]. The sink 
shown on these pages is supplied by threaded 
pipes, which are connected with adapters to the 
copper tubing attached to most single-lever faucets 
If the supply lines were also tubing, either solder or 
compression fittings would make the connection. Be 
careful to bend tubing gently. 



Removing the old faucet 

Turn the water off at both shutoff valves. With 
a basin wrench, remove the coupling nuts 
that secure the metal or plastic tailpieces 
connecting the faucet shanks to the shutoff 
valves When the coupling nuts are loose, 
use the basin wrench to unscrew the corre¬ 
sponding locknuts on the faucet shanks. You 
can now pull the faucets up to free them 

Unscrew the rigid water pipe from the shut¬ 
off valves with two pipe wrenches (page 
62] The tailpieces will come off along with 
the pipe Clean the top of the sink thor¬ 
oughly before installing the new faucet 
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Installing the new single-leuer faucet 

Work the water supply lines of the new fau¬ 
cet through the center hole of the sink, 
bending them no more than necessary. 
Secure the faucet to the sink with the wash¬ 
ers and mounting nuts, working first with 
your fingers, then using a basin wrench to 
tighten the nuts on the mounting studs. 
(The faucet shown comes with a watertight 
rubber gasket; if the one you install has no 
gasket, seal it with plumber’s putty.] 

Attaching the new faucet lines to threaded 
shutoff valves calls for compression fittings 
[page 59], adapters and brass nipples 
(short lengths of pipe with threaded ends]. 
Coat both ends of the nipples with sealant 
[page 62], and screw on the adapters, us¬ 
ing two pipe wrenches to make them fast. 
Slide the compression rings and nuts at 
least two inches up the faucet lines, slip the 
adapter-nipple assemblies onto the lines 
and hand-tighten the compression nuts 
onto the adapters. 

Bring the assemblies to the shutoff valves, 
bending the lines as gently as you can. 
Screw the bottoms of the nipples into the 
valves and tighten them with two wrench¬ 
es. While holding the adapters steady with 
an adjustable wrench, use another wrench 
to finish tightening the compression nuts 
onto the compression rings. 

Finally, open the shutoff valves, remove the 
aerator from the spout and turn on a mix¬ 
ture of hot and cold water full force for sev¬ 
eral minutes; the running water will flush 
away any debris in the new connections. 
Then replace the aerator. 



























CHANGING FAUCETS continued 

A l\lew Faucet 
for an Old Lavatory 

A bathroom lavatory often outlasts its 
faucets and its old-fashioned rubber 
drain stopper. The remedy is simple: 
discard the old fittings and replace 
them with a new faucet equipped 
with a pop-up drain. To some extent, 
the procedure resembles the one on 
pages 80-81; for example, you may 
need a basin wrench in tight places. 
The easiest way to attach the new 
faucet to the shutoff valves is with 
flexible water supply lines and com¬ 
pression fittings (page 59). 


Removing the old faucet 

Tu rn off the water at the shutoff valves. Re¬ 
move the handles and the stem covers 
Using a wrench, remove the locknut and 
the washer under each stem cover 

Next, working underneath the lavatory, un¬ 
screw the packing nut at the bottom of the 
spout assembly, then pull off the metal 
washer and packing washer just above it. 
Unscrew the spout locknut, using a basin 
wrench if the working space is tight, pull 
down the washer above it. and lift the spout 
up out of the lavatory 

Still underneath the lavatory, loosen the 
coupling nuts that secure the tailpieces to 
their faucet shanks. Now you can remove 
theentire faucet assembly by lifting it slight¬ 
ly, angling it forward to clear the tailpieces 
and pulling it away from the lavatory 

If the new faucets fit the tailpieces, you will 
not need flexible water supply lines. If the 
shanks of the new faucets are too long or, 
as shown opposite, too short, remove the 
adapter-and-tailpiece units from the nip¬ 
ples with two pipe wrenches (page 62). 
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Installing the new faucet 

Put plumber's putty on the bottom of the 
spout and insert it through the lavatory’s 
center hole. Then, from underneath, tight¬ 
en the spout locknut with a basin wrench. 

The faucet assembly used here consists of 
two flexible, accordion-like tubes already 
attached to faucets. Lift the assembly, from 
under the lavatory, and adjust the tubing to 
center the faucets in their holes. Connect 
the faucet assembly to the spout by tig hten- 
ing the slip nut on the spout. From above, 
put putty under the faucet cover plates and 
set them in place. Tighten the faucet-stem 
locknuts and at the same time, working 
from underneath, tighten the faucet-shank 
locknuts to get the faucets to the proper 
height. Install the handle assemblies. 

Use plastic or copper tubing and compres¬ 
sion fittings to connect the faucets to the 
shutoff valves. This lavatory supply line 
comes with a beveled head at its upper end. 
Cut the lower end so it will extend at least a 
half inch inside the shutoff-valve nipple. 

If you must accommodate a supply line with 
a smaller diameter, as here, coat the shutoff- 
valve nipples with pipe-joint compound and 
install adapters. Slide the coupling nuts, 
compression nuts and compression rings 
onto the supply lines, then slip the lines into 
the adapters. Tighten the coupling nuts onto 
the beveled heads at the faucet shanks, and 
screw the compression nuts onto the adapt¬ 
ers (page 59J. To complete the job, install the 
pop-up drain as shown on page 89. 
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SINK SPOUTS AND SPRAYS 


The spouts and spray attachments of kitchen fau¬ 
cets sometimes present problems that seem seri¬ 
ous but are easily solved. Leaks at the base of a 
spout, or low water pressure at either the spout or 
the hose nozzle are all malfunctions that can be 
remedied without even using the shutoff valves. 

A spout that trickles rather than gushes may in¬ 
dicate that the aerator, the antisplash device at 
the opening, simply needs cleaning. Trouble in a 
spray attachment can start at the nozzle, the spray 
hose or the diverter valve that switches water be¬ 
tween spout and spray. Buy nothing new until you 
have checked and cleaned such parts; then, if a 
new part is needed, take the old one to the store to 
be sure of getting the right type. 


SPOUT NUT 


O-RING 



Working at the base of a spout 

When water seeps out around the base of 
a spout, the O-ring in the spout base should 
be replaced Cover the spout nut with tape 
and unscrew it with pliers. Lift off the spout 
to replace the O-ring 

In the faucet body beneath the spout base, 
a diverter valve directs water to either the 
spout or the spray attachment. Whenever 
the spray is off, the diverter directs water up 
into the spout. When you press the handle 


on the spray head, water begins to flow 
through the spray hose, the pressure at the 
base of the diverter drops and the valve 
changes position to direct water through 
the hollow attaching screw into the hose. If 
water does not switch quickly and easily 
from spout to spray, remove the diverter 
valve (some valves screw out, others can 
be pulled out by hand). Flush foreign ma¬ 
terials out of the diverter area by gently 
opening one of the faucet handles, and 
wash the diverter at another faucet. If prob¬ 
lems persist, replace the diverter valve 
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Cleaning an aerator 

In the splash-preventing aerator, the water 
from the spout flows through a perforated 
disc and cup that split the stream into about 
two dozen thin jets. The jets create a vac¬ 
uum that sucks air into the water through 
intakes on the aerator body. Finally, a pair 
of small filtering screens transform the 
hard jets into a gentle column of bubbly, 
splash-free water. 

If clogging decreases the water pressure 
from the spout, cover the aerator with tape 
and remove it with pliers. Clean the cup, 
disc and screens with a brush (an old tooth¬ 
brush will do). If the parts are broken or 
hopelessly clogged, replace the aerator. 


When water flows from a spray head with 
less than normal force, unscrew the nozzle 
— by hand if possible. Turn on afaucet, then 
press the spray-head handle to permit wa¬ 
ter to cleanse the head's interior. If the head 
is cracked or badly worn, replace it. Un¬ 
screw the spray head from its coupling. A 
washer and the coupling itself, secured by 
a snap ring, will remain on the spray hose. 
Remove the washer, unclip the ring with 
the tip of a screwdriver and slip off the cou¬ 
pling. Then check the hose [below]. 


Checking the spray hose 

A sharply kinked spray-attachment hose 
can permanently reduce water pressure at 
the spray head; a hose that is cut or worn 
through will, of course, leak. To replace a 
deteriorated hose, remove the spray head 
[above], then unscrew the hex nut at the 
base of the hose under the sink. If you can¬ 
not get at this hex nut with an adjustable 
wrench, use a basin wrench [page 49]. 

In choosing a new hose, make sure its hex 
nut—or an adapter—will fit the hose attach¬ 
ment in your sink. Hoses may be linked to 
this attachment in several different ways; 
match your new hose to the old one to be 
sure you have the right nut or adapter. 
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REPLACING DRAINS 


Designed to keep utensils and other objects from 
dropping into the drain, the sink strainer some¬ 
times needs replacing, either because its metal 
facing has become worn and discolored or be¬ 
cause it leaks around the edges. Leaks arise when 
the strainer body wears through or the putty that 
seals it to the sink dries out or becomes eroded 
To remove a marred or leaky strainer, follow the 
steps shown opposite. If a leak is the problem, you 
may need only fresh plumber’s putty [step 4). To 
reassemble the strainer, or to install a new one, 
simply reverse the steps used in removal. 
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Two kinds of strainers 

The two types of strainers-standard (right) 
and self-tightening (left )-differ mainly in 
the methods used to attach them to the 
sink With the standard strainer, you need 
either a helper or a deft manipulation of pli¬ 
ers and screwdriver (step 3) to keep the 
strainer body from turning in the sink while 
you loosen or tighten the locknut 

One person, however, can install the self¬ 
tightening strainer without extra tools or 
special skill. Once the strainer body is in the 
sinkhole, a retainer is attached from under¬ 
neath the sink, its grooves fitting over ridg¬ 
es on the strainer's neck. The three screws 
on the retainer are then tightened to draw 
the entire assembly firmly into place. 
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1 Unfastening the coupling nuts 


To remove either type of strainer, loosen 
the two coupling nuts on the tailpiece with 
a monkey wrench. Slide the nuts clear of 
the threads. Remove the basket strainer 
that lifts out of the strainer body 



2 Detaching the tailpiece 


If the old tailpiece is still serviceable, do not 
bother to remove it. Simply let it slip down 
into the trap and out of the way. If it shows 
signs of disintegration, take it to the store 
and buy a replacement. 



3 Remouing the strainer body 

To remove a standard strainer, you must 
unscrew a locknut. There are two kinds. 
One [above] has ridges. To unscrew it, 
place a wooden dowel or a blunt metal rod 
against each of the ridges in sequence, and 
tap the locknut loose with a hammer. The 
other kind of locknut [above, center] has 
no ridges. Use a monkey wrench or pipe 
wrench to remove it. 

If the strainer body starts to turn in the sink 
while you loosen the locknut, stick the 
handles of a pair of pliers into the cross- 
members of the strainer, then place a 
screwdriver between them [above, right]. 
If you, or a helper, hold the screwdriver 
steady, the pliers will be braced against the 
strainer so that they keep it from turning 


4 Installing a new strainer 

Before placing a new strainer in the sink, 
put a one-eighth-inch bead of plumber’s 
putty under its lip. NOTE: Some strainers 
come with adhesive-coated rubber gas¬ 
kets, and need no putty. Peel the protective 
paper from the gasket and press the gas¬ 
ket under the lip of the strainer. 

From underneath the sink, slip the rubber 
and metal washers over the neck of the 
strainer, then secure the locknut or retain¬ 
er [opposite]. Raise the tailpiece into place 
and tig hten the coupling nuts. 
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DRAINS continued 


A Lavatory’s 
Pop-up Drain 

The pop-up drain on a modern lava¬ 
tory is neater than the old-fashioned 
rubber stopper, but it cannot open 
the drain as much and it rarely clos¬ 
es to make a completely watertight 


seal. However, it can be adjusted to 
work better than most people think, 
and alignment (below) requires no 
tools. Keeping it clean also helps. 
Although not all mechanical drains 
look alike, all work in much the same 
way and have similar basic parts. 
Even the type that does not seem 
to come apart for cleaning actually 
does, once you know how (opposite). 
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BALL PIVOT 


The mechanism of a pop-up drain 

When you pull up on the knob to close a 
mechanical dram (above), a linkage, com¬ 
posed of a lift rod and an adjustable con¬ 
nector called a clevis, raises one end of 
a pivot rod Turning on the fulcrum of a ball 
pivot, the pivot rod lowers the pop-up plug 
to seal the bottom opening tn the basin 
- but does not block the overflow channel 
from the drain Pushing the knob down re¬ 
verses the process and opens the d rain 

If the plug does not close tightly, loosen the 
clevis screw with your fingers and push 
the plug firmly into the drain hole, then re- 
tighten the screw This adjustment may oc¬ 
casionally change the pivot-rod angle to 
restrict the plug opening If so, disassemble 
the mechanism (opposite) and move the 
pivot rod to a higher hole in the clevis 
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Disassembling the drain 

To installs new drain or replace worn parts 
in an old one, take the mechanism apart. 
Loosen the clevis screw, and then unfast¬ 
en the compression nut with an adjustable 
wrench. Now pull the nut and pivot rod out 
of place; as you do so, the loosened clevis 
will slip off its lift rod. Lift the plug out. 

For the next steps of the job use a monkey 
wrench. Loosen the slip nut, unscrew the 
drain tee from the flange (you can now un¬ 
screw the trap from the wall if you wish), 
and unscrew the flange locknut. Push the 
flange upward to remove it. When reinstall¬ 
ing the parts, coat all threads with pipe-joint 
compound, and apply plumber's putty un¬ 
der the lip of the flange. If necessary, re¬ 
place gaskets and washers. 



Removing a pop-up plug 

The drawings at left and above show two 
types of pop-up plugs and the methods for 
removing them. The simpler type [left] has 
a slot that engages the pivot rod; twist the 
plug counterclockwise to disengage it and 
liftitout. To remove the more complex type 
[above], first unscrew the compression 
nut from the drain tee with an adjustable 
wrench, as if you were disassembling the 
mechanism [top]. Then slide the pivot rod 
through the clip that connects it to the clev¬ 
is; if the rod resists, pinch the clip as you 
push the rod When the end of the pivot rod 
clears the eye at the bottom of the pop-up 
plug, you can lift the plug out. 
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DRAINS continued 


Unclogging Drains 

Sink and lavatory drains will almost nev¬ 
er clog if you observe one simple rule: do 
not use them for anything but waste wa¬ 
ter. Do not wash grease, coffee grounds 
or garbage down a kitchen drain, do not 
wash hair down a lavatory drain. A drain 
protected from such obstructions will 
last until it falls prey to old age. 

Unfortunately, the rule for keeping 
drains open is almost impossible to ob¬ 
serve strictly; drains do clog and must be 
opened. Before you start the job, locate 
the extent of the blockage by checking 
other drains. If all the drains in the house 
are blocked or sluggish, your problem is 
the main drain—and you need a plumb¬ 
er. If sinks along asingledrain branch 
are clogged, clean out that branch with 
an auger (opposite, bottom). If only one 
drain is blocked, try a liquid drain open¬ 
er. Then, if necessary,followtheother 
instructions on these pages. For the 
special trick of using an auger on a bath¬ 
tub drain, see page 93. 



1 Using a plunger 



Take off the pop-up plug of a lavatory 
[pages 88-89) or the strainer of a kitchen 
sink, Stuff a rag into the overflow opening 
of a lavatory, if necessary, have a helper 
hold the rag in place while you operate the 
plunger Fill the basin with enough water to 
cover the plunger cup, place the cup over 
the drain, and work the plunger handle up 
and down. Press the plunger smoothly on 
the downstroke, which forces water down 
against the blockage, then jerk it sharply 
on the more important upstroke, which 
pulls the blockage from the drain. If five 
minutes’ work with the plunger does not 
unclog the drain, go on to the next step 


2 Clearing the trap 

Set a bucket under the trap, unscrew the 
cleanout plug with an adjustable wrench 
and empty the contents of the trap into the 
bucket Clear the pipe from the drain hole 
down to the cleanout with a dram and trap 
auger [opposite); when water flows freely 
from the basin to the bucket, any remain¬ 
ing blockage must be in the drainpipe 
going into the wall. Probe for it with the au¬ 
ger; if you fail to remove it, go on to step 3, 
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3 Completing the job 


Remove the trap [page 89] Clear the drain¬ 
pipe with the auger, working down into the 
part of the pipe that runs beyond the wall. Be 
gentle with the auger. Ramming it too vigor¬ 
ously can loosen fittings behind the wall and 
could pierce an old, deteriorated pipe. 


Chemical Cleaners: Worth a Try 

Chemical drain cleaners offer a temptingly easy 
way to clear a clogged drain-just pour in the 
mixture and dissolve the blockage. Unfortunate¬ 
ly, the usefulness of these cleaners is limited, but 
they are worth a try because they allow you to 
avoid taking apart any plumbing and risking the 
damage that an auger can cause. 

Take care both when buying and using a 
chemical drain cleaner. Choose a liquid rather 
than a powder, which generates heat and steam 
as it dissolves. The heat can damage pipes, and 
steam can spray the chemical right back out of 
the drain. Also, choose only an alkali product, 
one containing a form of hydroxide. 

Remember that all chemical drain openers 
are dangerous. They can burn eyes and skin, 
and must be kept out of reach of children. 



Using an Auger 


The drain and trap auger, a simple out effec¬ 
tive tool, consists of a flexible steel cable with 
a cranklike handle that can be made fast at 
any point with a thumbscrew. To work on 
a drain branch [left], remove the cleanout 
plug, and push the tip of the auger into the 
drain. Fasten the handle about two feet from 
the drain and turn it clockwise while you are 
pushing the auger into the drain; as the han¬ 
dle reaches the drain, refasten it farther back 
on the cable. If the auger halts at a blockage 
or bend, pull it back a bit, then advance it again 
gently. At the limit of penetration, slide it briefly 
back and forth to clear out debris. 


91 













































TUB AND SHOWER PLUMBING 

To most amateurs, repairs on bathtub and show¬ 
er plumbing seem more difficult than they actually 
are because the faucets are usually hidden in the 
wall and the drain is hidden beneath the tub You 
can work on these fixtures, however, once you un¬ 


derstand how they function and how to get at their 
insides. For example, all bathtub drains, whether 
closed by a pop-up or trip-lever mechanism, or an 
old-fashioned stopper, have much the same over¬ 
flow system—and the overflow tube is the best 
entry to a clogged drain [opposite, bottomj Tech¬ 
niques for stopping drips at a tub spout or a show¬ 
er head are explained on pages 94-95. 
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Connections for tub and shower 

The faucets and pipes of a tub and shower 
[above] are generally set behind a wall (not 
shown); details of the system are explained 
on this page. A tub's dram system is shown 
below; its mechanism and maintenance 
are discussed opposite 


DRAIN HANDLE 


OVERFLOW PLATE 


Cleaning a shower head 

This shower head releases water [arrows] 
from small grooves around its rim and tiny 
holes in its faceplate If minerals in the 
water clog these openings, take the head 
apart This faceplate comes off when you 
unscrew the knob, others are secured by 
screws Soak the plate overnight in vinegar 
(its acetic acid dissolves minerals), then 
scrub. Ifthe head clogs often, replace it with 
one that has a nonclogging plastic face¬ 
plate, or install a water softener. 


A tub-shower diverter valve 

Turning the valve stem of this diverter valve 
clockwise moves a stem plunger forward, 
closing the pipe to the tub spout and admit¬ 
ting water to the hollow housing. The water 
runs through the housing hole to the show¬ 
er head [arrow]. When the stem is turned 
counterclockwise, the plunger closes the 
housing and opens the spout pipe. 


VALVE STEM 




A tub-spout diverter 

The less complex but equally efficient tub- 
spout diverter consists of a gate that is 
raised or lowered by a knob on the spout. 
When the knob is down, water will flow 
through two ports (only one is shown), 
over the gate and out the tub spout. Rais¬ 
ing the knob-and-gate unit seals the ports, 
forcing water up to the shower head 
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A pop-up bathtub drain 

The handle of a pop-up drain compresses 
or releases a spring to control the stopper. 
Turning the handle to the right compresses 
the spring and exerts pressure on one end 
of a rocker linkage; the other end of the 
rocker moves the stopper upward. Flip¬ 
ping the handle to the left releases the 
spring to let the stopper drop. 


A trip-lever drain 

Pressing down the handle of this trip-lever 
drain raises a linkage and a hollow plunger 
inside the overflow tube to open the drain. 
Raising the handle drops the base of the 
plunger into the drain to close it off. Water 
in the tub that rises to the overflow plate 
flows down the overflow tube, through the 
hollow plunger and down the drain. 



1 Getting at a clogged drain 

Whenever you must use an auger (page 
91) on a tub drain, start by unscrewing the 
overflow plate. If the tub has a trip-lever or 
rubber-stopper drain, you are ready to go 
to work. If it has a pop-up drain (above), 
you must draw out the stopper and its link¬ 
age to avoid blocking the auger. Note the 
lineup of stopper and linkage so that you 
can replace them correctly. 


2 Clearing the drain 


Run a drain and trap auger down the over¬ 
flow tube. [Important: If you have difficulty 
in making the auger turn the angles of the 
drain trap, do not try to force it through. Pull 
the auger back slightly, then push it for¬ 
ward again, turning it by its handle as you 
work it forward around the bend.) To com¬ 
plete the job, follow the instructions for un¬ 
clogging a drain, given on page 91 
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TUB AND SHOWER PLUMBING continued 


Tub-Shower Faucets 

Tub and shower faucets are repaired 
the same way as sink faucets—but with 
a special trick. First turn on the fau¬ 
cets to see if there are any leaks around 
the stems; you may have to replace 
packing or O-rings (page 75). If the 
stems do not leak but the tub spout or 
shower head drips, shut off the water. 


Then, if you have stem faucets, you 
must replace their washers and, if nec¬ 
essary, their seats (pages 72-74). 

The trick is loosening the bonnet, a 
housing that screws into the faucet body 
behind the wall and encloses much of 
the stem assembly To get a bonnet out, 
you may need a socket wrench (page 
48). Ball-type faucets (page 77) and 
cartridge faucets (opposite, belowjare 
simpler; they slide out of the wall. 



1 Getting to the bonnet 

To remove a faucet handle like the one 
above pry off the handle escutcheon with 
a screwdriver and unfasten the handle 
screw other handles may be secured dif¬ 
ferently (page 72) You can unscrew the 
stem cover to remove it If the bonnet is en¬ 
cased in plaster or cement, chip this mate¬ 
rial away carefully with a hammer and 
chisel, clearing the bonnet on all sides to 
make room for the socket wrench 
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2 Measuring for a socket wrench 

When you have to use a plumber's socket 
wrench to remove the bonnet of astern fau¬ 
cet, you should consider renting a set or 
even an individual socket, for this is the only 
job in which you are likely to need this tool. 

| Determine the size of the socket in the fol¬ 
lowing way. Unbend a paper clip and place 
its ends on opposite sides of the bonnet, as 
shown at right Compress the clip until it 
firmly holds the correct size, apply the clip 
several times to be certain it is not chang¬ 
ing its shape Take the clip to a plumbing 
supply store to use in selecting a socket 
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3 Removing the stem assembly 

The socket wrench should fit snugly over 
the bonnet. To get leverage in turning the 
wrench, slip a metal bar through holes at 
the outer end. If the end of the faucet stem 
extends as far as these holes, the bar can¬ 
not be used: in this case, grip the socket 
wrench with the jaws of a pipe wrench, and 
use the pipe wrench as the turning bar. The 
bonnet and the stem assembly will come 
out of the faucet body together. 

4 Repairing the faucet 

Proceed as you would with the faucet of a 
kitchen sink. Replace the worn-out washer 
[pages 72-73) and, if necessary, dress or 
replace the faucet seat [page 74). To loos¬ 
en a packing nut, hold the bonnet with a 
pipe wrench and use an adjustable wrench 
on the nut. If the bonnet gasket is worn or 
broken, replace it with wicking [page 62). 
When you have replaced the bonnet, you 
should smooth plaster into the space be¬ 
tween it and the wall to prevent shower 
water from seeping into the wall. 

FAUCET SEAT 

RETAINING SCREW 
WASHER 



BONNET GASKET 


BONNET 


STEM 



PACKING 


PACKING 

NUT 


Repairing a cartridge faucet 

Many modern tub and shower faucets are 
equipped with cartridges rather than con¬ 
ventional stems. To change these cartridg¬ 
es, follow exactly the same steps as with 
single-lever sink faucets [pages 76-79). 
For example, with the sleeve-cartridge fau¬ 
cet at right, remove the handle screw with 
a screwdriver, and slip off the handle and 
collar. Use pliers to pull off the retainer clip 
and draw out the cartridge. To get the right 
replacement, take the old cartridge to the 
| plumbing supply store. 






























TOILETS: NEW AND OLD 


FLOAT ROD 


Over the centuries, the extraordinary automatic 
device called the flush toilet has been invented and 
reinvented many times. In the 1400s, Leonardo da 
Vinci designed one that worked, at least on paper, 
and in 1596, Queen Elizabeth I had one in her pal¬ 
ace at Richmond, complete with flushing and 
overflow pipes, a bowl valve and a drain trap. The 
toilet was first patented in England in 1775, ap¬ 
peared in the New World in the 1840s, and has 
since been standard in American plumbing. 

In all versions, ancient and modern, the work¬ 
ing principle is the same. Tripping a single lever 
sets in motion a series of actions. Water, generally 
from a tank, is suddenly released to swirl through 
the bowl into the waste line through a water-filled 
dram trap. Then the tank automatically shuts itself 
off from the bowl and begins to refill. When the tank 
is full, another automatic process shuts off the in¬ 
coming water—and the cycle is complete. 


FLOAT 



FILLER PIPE 
INLET PIPE 

BALL-COCK ASSEMBLY 


VALVE SEAT 


Troubleshooting Tank Toilets 


Problem 

Possible Causes 

Solution 

Water runs 
continuously into 
bowl 

Tank ball not seating properly 

Ball worn 

Valve seat needs cleaning 

Float or float rod faulty 

Ball cock leaking 

Align lift wires and guide arm [page 98] 

Replace ball /page 98] 

Scour valve seat with steel wool [page 98] 
Replace float or bend rod down [page 98] 
Replace washers, packing or entire ball cock 
[page 99] 

Inadequate flushing 

Low water level in tank 

Ball seats too soon 

Bowl ports clogged 

Bend float rod up [page 98] 

Replace ball or raise guide arm [page 98] 

Ream ports with brush or looped wire 

Condensation on tank 

Water runs constantly through tank 
House water unusually cold 

Same as for first problem, above 

Insulate inside of tank with 
prepackaged sheets, available at 
plumbing-supply outlets 

Water leaking outside 
from tank or bowl 

Inlet-pipe gasket faulty 

Tank-and-bowl connection is bad 
Faulty seal between bowl and waste 
line 

Replace gasket [page 99] 

Call a plumber 

Call a plumber 
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Parts of a toilet 


A few simple mechanisms make a toilet 
work. The trip lever starts the flush cycle. A 
valve, opened and closed by the tank ball 
and its lift wires, releases water to the bowl. 
The float and its float rod control the ball- 
cock assembly, which both refills the tank 
through the filler pipe and adds water to the 
bowl through the refill tube. Fresh water en¬ 
ters the tank through the inlet pipe. 


-TRIP LEVER RAISED 


FLOAT FALLS 



WATER REFILLING TANK 


How a toilet is flushed 

When the trip lever is raised to start a flush¬ 
ing cycle, the tank ball rises from the valve 
seat, permitting water to flow from the tank 
through the ports and into the bowl. When 
the tank is empty, the ball will close the valve 
again. The float, falling with the tank's wa¬ 
ter level, opens the ball-cock valve to feed 
fresh water into the tank. When the water in 
the tank reaches the correct level, the ris¬ 
ing float will close the ball-cock valve. 















































TOILETS continued 

Tank Repairs 

The most common of all tank-toilet 
troubles is the running toilet: water 
leaks noisily and steadily into the 
bowl. To find the cause, lift the tank 
lid. If the water level is two or more 
inches below the top of the overflow 


pipe, the flush valve is not working 
properly; if water is spilling into the 
overflow pipe, the trouble must be in 
the float mechanism or in the intake 
valve of the ball-cock assembly. 

You can make most tank repairs 
very easily, often without using tools. 
Even a leaky ball cock, the most com¬ 
plex component, usually needs only 


a new washer or leather packing, 
which you can buy in most hardware 
and all plumbing supply stores. A 
badly worn ball cock, however, will 
continue to leak and a broken one 
spurts water. Then you must replace 
the entire ball cock. In doing so, con¬ 
sider substituting the quiet, up-to- 
date model described at far right. 



Aligning a tank ball 

The most likely cause of a tank leak is a tank 
ball that does not fit snugly into the flush- 
valve seat [left] Shut off the water supply, 
then flush the toilet and watch the ball drop 
If theguidearmisaskewsothat the ball and 
its lift wires do not line up over the seat, 
loosen the thumbscrew that secures the 
arm, reposition the arm over the center of 
the seat and tighten the screw If you see 
that one or both of the lift wires are bent, 
straighten gently with your fingers If the 
ball is misshapen or badly worn, replace it 


Replacing a tank ball 

Shut off the water supply and flush the toi¬ 
let, then unscrew the ball from the thread¬ 
ed end of the lower lift wire [right] Scrub 
all scum from the valve-seat rim with steel 
wool, then screwthe new ball onto the wire 



Adjusting a float mechanism 

Water often runs into an overflow pipe be¬ 
cause the float mechanism that controls 
the tank's water level fails to close the intake 
valve Raise the float slightly with your 
hand If the water still runs, the trouble is in 
the intake valve itself [opposite]; if the flow 
stops, the fault is in the float 

To get the float to turn off the water flow at 
the proper point, bend the float rod down 
slightly with your fingers [right] Flush the 
toilet, if you have bent the rod too far, water 
will stop running into the tank before it 
reaches the correct level, which is about 
one half inch below the top of the overflow 
pipe In this case, bend the float rod up¬ 
ward, adjust it until the water stops running 
at exactly the right level 

While you are working on the float, check it 
for leaks Shut off the water supply, flush 
the toilet, and unscrew the float from the 
float rod Shake the float to see if it contains 
water, if it does, replace it 
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Repairing a ball cock 

A ball-cock valve may leak when its plung¬ 
er [below] needs a new washer or leather 
packing Shut off the water supply and 
flush the toilet. Unfasten the two L-shaped 
thumbscrews with your fingers to remove 
thefloat mechanism and plunger. Slide the 
plunger off the lever. Remove the washer 
from the bottom of the plunger, then pull 
the leather packing from its groove. Install 
new parts and reassemble the unit. 




Replacing a ball cock 


Shutoff the water, flush the toilet, and un¬ 
screw the slip nut under the tank [right]. 
Hold the ball cock at its base with locking- 
grip pliers, then unscrew the locknut under 
the tank [above]. Pull out the ball cock, and 
reverse the procedure to install a new one. 


BALL-COCK-VALVE 
ASSEMBLY 



WATER-LEVEL ^ 
LINE 


SHAN KIN LET 
SECTION 


Anewtype of ball cock 


The improved ball cock at left eliminates 
the most common cause of leakage by re¬ 
placing the washer and packing with a 
two-section shank and a diaphragm valve 
stopper whose operation is diagramed in 
the cross sections below. The valve is 
closed by the pressure of the lever against 
a plunger and rubber diaphragm [top]. 
Flushing the toilet releases this pressure 
[center], and water flows up the shank inlet 
section [arrows], past a rubber vacuum- 
breaker seal, through ports into the shank 
filler section. If water pressure drops sud¬ 
denly, the pressure drop in the inlet pipe 
sucks the seal against the ports [bottom], 
preventing back-siphonage [page 45]. 

When installing this or any other ball cock, 
screw the locknut slowly and carefully. Oth¬ 
erwise you may chip the vitreous china of 
which the tank is made. 
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Two l\lew Tank Parts 

Though most flush toilets use con¬ 
ventional tank components, certain 
new designs work more quickly, qui¬ 
etly and efficiently than their older 
counterparts. Typical of such newer 
mechanisms are the ball cock and 
the flush valve on this page; they 
contain fewer moving parts and are 
especially easy to adjust and repair. 
The ball cock, made mainly of light¬ 
weight stainless steel and plastic, 
opens and closes the intake valve 
without a float and its tricky mecha¬ 
nism. The flush valve, called a flap¬ 
per, replaces the tank ball; it works 
without a guide arm or lift wires. 


The main parts of new tank devices 

When the tank is full, the float cup of this 
new-style ball cock rests on the ball-cock 
shank, buoyed at the proper level by water 
in the upper part of the cup and a pocket of 
air underneath. Water level is adjusted by 
pinching the spring clip and moving the 
cup up or down the shank Atop the shank 
is the intake valve, linked to the cup by a pull 
rod A flapper, clipped on the overflow 
tube, seals the flush-valve opening 


How the new devices work 

When the toilet is flushed, the trip lever pulls 
the flapper up. releasing water. As the tank 
empties, thefloatcup descends on the ball- 
cock shank, pulling the intake-valve lever 
downward to open the valve I ncoming wa¬ 
ter flows up the inlet pipe, which is inside 
the hollow shank, through the intake valve, 
and out the bottom of the shank (arrows) 
T he float cup rises again as the flapper re¬ 
seats and the tank refills. 


An easy valve to work on 

The intake valve of the new ball-cock unit is 
easily disassembled for cleaning or for re¬ 
placement of the seals if the valve leaks. Pull 
off the snap ring to remove the cap. Pry the 
upper seal out of the cap and separate its 
sections for cleaning Pull the lower seal 
from under the valve seat. Replacements 
for both seals come in a single repair kit 
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Unclogging Toilets 

The trap of a toilet bowl is especially 
vulnerable to clogging. One object 
or another—a toilet article, toy, rag or 
whatever—falls or is tossed into the 
bowl. Flushing the toilet then forces 
the object into the trap and wedges 
it there, clogging the drain. 

The remedy is generally simple. 
Bail excess water out of the bowl 
with a pan or a small pail. Then, wear¬ 
ing a rubber glove, reach into the 
trap through the outlet and pull out 
the object. If you cannot dislodge it, 
use the procedures below. 


1 Using a plunger 

Set the plunger's rubber cup over the out¬ 
let opening, press the handle down slowly, 
then pull it up quickly [arrows]. Repeat the 
process for about two minutes, then re¬ 
move the plunger and pour water into the 
bowl. If the water level does not rise exces¬ 
sively, the trap may already be clear; test by 
flushing the toilet. If the water still backs 
up, do not use the plunger again; instead, 
bail out the excess water as before and 
proceed to step 2. 


2 Using an auger 

A toilet auger consists of a cable encased 
in a tubular shaft and ending in a coil. In¬ 
sert the curved end into the outlet opening 
and crank the handle to work the cable into 
the trap. When the coil bites into the clog, 
try to d raw out the obstruction without turn- 
ing the handle. If you fail, crank the coil 
back and forth to break up the object. Re¬ 
move the auger and try to flush down a wad 
of tissue. If it is still clogged, the trouble lies 
farther along the drain-call a plumber. 


UncSogging a wash-down-toilet trap 

Unlike the common jet toilet [bottom] with 
its outlet opening at the rear of the bowl, the 
wash-down toilet has this opening at the 
front, along with a smaller inlet opening at 
the rear. When you unclog a wash-down 
toilet, be sure to apply the plunger or auger 
to the outlet opening—located at the front 
of the bowl [arrow]. 



INLET OPENING OUTLET OPENING 

APPLY PLUNGER OR 
AUGER HERE 
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TOILETS continued 


Pressure Flush Values 

In many apartment houses, toilets 
have pressure flush valves instead of 
flush tanks. Hooked up between a 
water supply line and a toilet bowl, 

| the valve sends water rushing under 
pressure from line to bowl. A control 


stop between line and valve regu¬ 
lates the water volume and pressure. 

There are two types of pressure 
valves: the diaphragm (below), rela¬ 
tively simple and easy to service; and 
the piston (opposite), relatively com¬ 
plex but functional even with water 
laden with mineral or sediment. Both 
take little space and use less water 


than tank toilets. But they are noisy 
and must be served by water supply 
lines at least an inch in diameter. Be¬ 
cause most single-family homes nei¬ 
ther have nor need piping that large, 
pressure valves are not widely used; 
however, they are increasingly pop¬ 
ular in new homes and in cooperative 
or condominium apartments. 


CONTROL STOP 


RELIEF-VALVE TOP 

DIAPHRAGM 





1 A diaphragm flush valve 

This pressure valve has an upper and a 
lower chamber, separated by a doughnut¬ 
shaped diaphragm and a relief valve Water 
enters the upper chamber through a by¬ 
pass valve in the diaphragm, and the wa¬ 
ter's pressure holds the diaphragm and 
relief valve firmly in place over the opening 
of the valve barrel Pushing the handle (dot¬ 
ted lines , above) activates a plunger that , 
shifts the relief-valve stem, tilting the relief 
valve and permitting water to leave the up¬ 
per chamber through the valve barrel 


2 Completing the flush cycle 


As the upper chamber empties, pressure 
in the lower chapiber forces the diaphragm 
and relief valve up from the barrel opening, 
so that water can flow directly from the 


inlet pipe through the barrel and into the toi¬ 
let bowl (arrows) without going into the 
upper chamber Some water will seep into 
the upper chamber through the bypass 
valve, building up pressure to depress the 
diaphragm and close the barrel opening 
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A piston flush ualue 

In the piston valve (below), the two cham¬ 
bers are separated by a rubber cu p that ex¬ 
tends down inside a hollow piston; the 
bypass valve is located on the piston's side, 
and the relief valve seals the upper cham¬ 
ber from the lower one at the piston’s bot¬ 
tom. When the handle plunger pushes 
against the relief-valve stem, the valve tilts 
momentarily, releasing water from the up¬ 
per chamber. The water pressure above 
the relief valve drops, and high-pressure 
water from the inlet pipe forces the piston 
assembly up from the lower chamber. 


Water will flow from the inlet pipe down the 
lower chamber until the smaller stream 
flowing through the bypass valve restores 
pressure inside the piston and forces the 
piston assembly down again. 



RELIEF- 
VALVE 
STEM 
LOWER 
CHAMBER 


HANDLE 


Replacing the handle parts 

To stop a leak at a pressure-valve handle, 
replace either the seal or the entire plunger 
unit, consisting of a plunger, spring, bush¬ 
ing, seal and gasket (right). Remove the 
handle by unscrewing the coupling, and 
unscrew the plunger unit from the socket. 
Pull the seal from the plunger and sub¬ 
stitute new parts. 



Repairing a diaphragm flush ualue 

Replacements for the relief valve, seat, di¬ 
aphragm and guide assembly (guide, refill 
head and restriction ring) can be bought in¬ 
dividually or in a single kit. Shut off the water 
supply, unscrew the outer cover from the 
valve top, take off the inner cover, then lift 
out the relief valve, seat, diaphragm and 
guide assembly as a unit. Replace worn 
parts. Reassemble the valve. 


OUTER COVER 


SCREWS— 
GASKET 



Repairing a piston flush ualue 

Only the rubber cup is replaceable. Shut off 
the water supply, unscrew the nut on the 
outer coverand remove the cover, then un¬ 
screw the inner cover from the valve top. 
Lift the entire assembly (gasket, cup, pis¬ 
ton, spring, relief valve, guide and washers] 
out of the valve. Remove the screws hold¬ 
ing thegasket and cup to the piston top. In¬ 
stall a new cup. Reassemble the valve. 
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Independent 

Plumbing 

Systems 


Not many years ago, outdoor plumbing was a 
term of derision. To city dwellers, served by 
municipal water and sewer lines, the phrase 
stood for the discomfort and inconvenience 
symbolized by two familiar sights in rural 
America: the long-handled well pump and the 
wooden privy. It was easy to ridicule a way of 
life in which water was toted inside in a buck¬ 
et and wastes were dumped outside in a pit. 

Today, more than 40 million Americans have 
their own private water supplies, and some 50 
million use private waste-disposal systems — 
but no one jokes about these people or their 
way of life. For their homes have plumbing sys¬ 
tems as sanitary and efficient as any home tied 
into a municipal system. 

The outdoor plumbing is there, but it defies 
detection by the casual observer. The noisy, 
picturesque hand pump has been replaced by 
a quiet, unobtrusive automatic pump that may 
be concealed deep underwater in the well it¬ 
self. The privy has given way to a septic tank 
and drainage field so well buried that even the 
homeowner sometimes has difficulty in locat¬ 
ing them for inspection and maintenance. And 
independent plumbing systems —that is, sys¬ 
tems lacking one or both of the customary mu¬ 
nicipal water and sewage connections —serve 
not only farm and country homes but many 
suburbs in which the development of new res¬ 
idential subdivisions has outstripped the ex¬ 
tension of municipal lines. About 25 per cent 
of the homes now being built in the United 
States will use independent systems. 

The essential element in any independent 
system is the same today as it was back in the 
old pump-and-privy days: a convenient and ad¬ 
equate supply of fresh underground water. In 
fact, plentiful water is more important than 
ever. Modern plumbing uses water not only for 
cleaning and cooking but also to flush away 
wastes —and the water that flushes wastes 
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into a septic tank in the backyard must often 
come from a private well in the front yard. 

Fortunately, there is fresh water under vir¬ 
tually every foot of the earth’s surface—about 
8.7 million billion tons of it, 97 per cent of the 
world’s available supply. It occurs mainly as 
groundwater—the technical term for precipi¬ 
tation such as rain and snow that has seeped 
through the soil to a saturated layer of sand, 
gravel or broken rock. The top of this saturat¬ 
ed zone, called the water table, may lie any¬ 
where from ground level—at the edge of a 
pond—to several miles below ground. 

Wells and water-supply systems 

A well penetrates the water table and creates 
beneath it a space into which the surrounding 
water will flow in exactly the way that water 
fills the hole a child digs in wet beach sand. 
Wells that reach the water table in 25 feet or 
less are classified as shallow; they represent 
the practical limit for wells that a homeowner 
can dig himself with hand tools (page 109). Vir¬ 
tually all deep wells—and many shallow ones 
— are drilled by professional well drillers with 
special rigs. They usually drill considerably 
deeper than the water table to guarantee am¬ 
ple water even when drought or overpumping 
lowers the table; some professionally drilled 
wells go down to 1,000 feet. 

When the drill hole is deep enough, the well 
driller lowers welded or coupled lengths of 
steel or plastic pipe into the hole to form a well 
casing. The casing prevents the drill hole from 
caving in and is capped above the ground to 
protect the well from contamination by floods 
or vermin. Openings at the bottom of the cas¬ 
ing permit water to enter and rise to the level 
of the surrounding water table; in a sandy area 
these openings must be screened to prevent 
sand from abrading submersible-pump parts or 
clogging the system. The well is completed by 


pouring a cement called grout between the 
casing and the drill hole to a depth of at least 
10 feet and adding a wide cement seal around 
the top of the well. The seal prevents waste 
water and other potential pollutants on the sur¬ 
face from flowing down the outside of the cas¬ 
ing directly into the water table. 

In many localities, well drillers must provide 
copies of a “well log” to the well owner and the 
local government. The log records the location 
of the well, its depth and diameter, the ground 
formations penetrated, the water-table depth, 
the casing length and the potential yield in gal¬ 
lons per minute. Such information is valuable 
in calculating a well’s capability and analyzing 
problems that may arise in using the well. 

Most well problems fall into these areas: 

■ BACTERIOLOGICAL CONTAMINATION is 
often caused by the infiltration of sewage wa¬ 
ter into the water table from nearby disposal 
systems. This type of contamination is most 
likely to occur in shallow wells in areas where 
houses are crowded together. Wells should be 
tested at least once a year (most local health 
departments will test water samples submit¬ 
ted to them). Contaminated wells can be treat¬ 
ed with chlorine or other chemicals recom¬ 
mended by health authorities, but the source 
of the contamination should also be found 
and eliminated. 

■ EXCESSIVE MINERAL CONTENT may oc¬ 
cur when groundwater filtering into the water 
table carries with it large amounts of dissolved 
minerals, such as iron, picked up along the 
way. High concentrations of iron, particularly, 
can make water look dirty, taste bitter, and 
leave stains on laundry and fixtures. The rem¬ 
edy is an oxidizing filter. 

■ HARD WATER, the most common problem 
with well water, contains excess amounts of 
calcium and magnesium. These elements com¬ 
bine with soap to form a sticky curd—no long- 
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er a problem in the laundry, where detergents 
unaffected by water hardness are now gener¬ 
ally used, but still a nuisance in the bathroom. 
The soaps used for personal cleansing com¬ 
bine with hard water to leave the bathtub 
“ring.” In addition, hard water makes cooked 
green vegetables shrink and become tough, 
causes percolators and kettles to develop an 
internal scale, and leaves deposits on the in¬ 
sides of water heaters and tanks that reduce 
heating efficiency and thus increase heating 
costs. A water softener (pages 56 - 57 ) removes 
the calcium and magnesium —but the conven¬ 
tional process, which replaces these elements 
with sodium, may produce water harmful to 
patients on low-sodium diets because of heart 
or kidney disease. 

■ ACID WATER, produced by carbon dioxide 
absorbed from the air or from organic matter 
in the ground, may corrode metal parts of an in¬ 
dependent system, such as a well casing, a 
pump, a water-storage tank or a hot-water 
heater. To neutralize acid, you can either add 
an alkaline substance such as soda ash to the 
water or pass the water through a filter bed of 
limestone chips. 

■ INSUFFICIENT YIELD may occur in old wells 
located in areas of heavy usage. Saturated 
zones of groundwater rarely run dry, but the 
water table may sometimes drop below the in¬ 
take screen at the bottom of a well casing, leav¬ 
ing no water to be pumped. Such wells should 
be either redrilled to greater depths or re¬ 
placed by new wells in better locations. 

A well is only as efficient as the system that 
brings water to the surface and delivers it to 
the home. This system consists of a pump and 
a pressure tank, which function as a single unit 
even though they may be located some dis¬ 
tance apart. The pump brings water up from 
the well and sends it to the tank; from there, 
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A Tank that Cannot Waterlog 



The modern pressure tank shown above pro¬ 
vides a surprisingly simple solution to the prob¬ 
lem of waterlogged tanks-the plague of gen¬ 
erations of well owners. As early as 1910, 
tank manufacturers were producing pressure 
tanks in which pumped water compressed 
trapped air; the compressed air then forced 
stored water through household pipes. The 
system has a drawback: the water gradually 
absorbs the air. In this condition, known as wa¬ 
terlogging, water rises nearly to the top of the 
tank and no air pressure is available to keep 
water flowing Until recently, the only cure for 
waterlogging was draining and recharging the 
tank with fresh air [page 116). 

A preventive instead of a cure is provided 
by precharged tanks, like the one above. It 
places an impermeable barrier between the 
stored water and an air chamber charged with 
pressurized air. The barrier, actually a tough 
plastic bag, eliminates waterlogging com¬ 
pletely. The water is stored in the bag, which 
the compressed air squeezes to force water 
into the house lines. 
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air pressure forces it into the house supply 
pipes whenever a faucet is turned on, a toilet 
flushed or a washing machine started. 

There are three basic types of pumps (de¬ 
scribed in detail in the pages that follow): 

■ SUBMERSIBLE PUMPS (pages 110-111) work 
deep in the well and force water upward by 
centrifugal action. These pumps are increas¬ 
ingly popular because of their efficiency, si¬ 
lence and complete invisibility. 

■ JET PUMPS (pages 112-113), the most widely 
used type, are operated from the surface and 
have no moving parts in the well. A jet pump re¬ 
circulates much of the water it draws, using 
both centrifugal action and suction. 

■ PISTON PUMPS (pages 114-115), the direct 
descendants of the old hand pumps, use suc¬ 
tion to draw water from shallow wells, and 
both suction and pressure to draw water from 
deep ones. Piston pumps were the first elec¬ 
tric pumps in wide use, and many older mod¬ 
els still perform effectively. 

The pressure tanks into which the well wa¬ 
ter is pumped use trapped air at pressures usu¬ 
ally ranging from 20 to 40 pounds per square 
inch to force the water into the house plumb¬ 
ing. When the pressure drops to the low end 
of the range, the pump automatically sends 
more water into the tank; when the higher pres¬ 
sure is reached, the pump shuts down. In old 
pressure tanks, the water gradually absorbs the 
air in a process called waterlogging; these 
tanks may have valves to add new air or release 
excess air. Modern tanks eliminate waterlog¬ 
ging and maintain the correct air pressure 
without valves. 

Waste-disposal systems 

If today’s independent water-supply system 
has come a long way from grandfather’s hand 
pump and bucket, it can also be said that 
today’s independent sewage-disposal system 


has come just as far from the privy pit. To dis¬ 
pose of raw sewage, most modern systems use 
a concealed septic tank and a drainage field. 
The septic tank, a concrete or metal box, sep¬ 
arates raw sewage into three components: 
sludge, composed of solids that settle to the 
tank’s bottom; scum, made up of grease and 
other lighter-than-water materials that rise to 
the surface; and effluent, sewage water that 
flows out of an opening in the end of the tank 
and into a system that lets the water seep out 
into the ground of a drainage field. 

The trapped sludge and scum are gradually 
decomposed by bacterial action in the tank. 
This decomposition process is never complete, 
especially when the tank is subject to heavy 
use; to some extent, the septic tank serves as a 
storage area for gradually accumulating resi¬ 
dues of sludge and scum. Therefore, the sludge 
and scum levels in the tank must be checked 
periodically (page 121), and the tank must be 
pumped out by professionals when necessary. 

The effluent carried to the drainage field is 
fairly clear water but still contaminated. In the 
field—either a pit or perforated pipes buried 
about a foot underground—the effluent flows 
through a bed of gravel, which acts as a pri¬ 
mary filter for the effluent before it seeps fur¬ 
ther. After passing through the gravel, some of 
the water enters the root systems of grass—a 
lush patch of lawn, nourished by the organic 
wastes in the effluent, often indicates the lo¬ 
cation of a drainage field—while the rest of the 
water is further filtered and purified by natu¬ 
ral processes as it slowly seeps through the soil 
toward the water table. 

Though overcrowded and overused sewage- 
disposal systems may create pollution prob¬ 
lems in some locations, the system itself is 
effective. Normally, the effluent that passes 
into the water table has been transformed from 
sewage into fresh, drinkable groundwater. 
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WATER FROM A WELL 

The well is only the beginning of an independent 
water-supply system-but it is the key element. Its 
productivity depends upon the underground lay¬ 
ers from which it draws water, and these condi¬ 
tions determine the well and pump needed. 


If there is a water-saturated layer of sand or grav¬ 
el within 25 feet of the surface, one of the four rel¬ 
atively inexpensive wells on the opposite page will 
suffice. If the water-bearing layer liesdeep beneath 
a layer of rock [below], reaching it may require 
hundreds of feet of drilling. Depth and diameter of 
a well also determine the pump-submersible, jet 
or piston - best used [pages 110-115]. 
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Five kinds of wells 

The geological cross section on these two 
pages shows the five types of wells in gen¬ 
eral use in the United States and Canada. 
(They are not drawn to scale.) When the 
water table, the uppermost level of ground- 
water, lies less than 25 feet below the top¬ 
soil, and when the formations that are 
directly below the table yield water readily, 
one of the four “shallow” wells sketched 
below will be adequate. 

A so-called deep well [opposite] is needed 
when the water table is farther down or 
when, as in the rock formation shown here, 
the layer beneath-the table consists of a 
rock such as shale, which absorbs water 
but does not yield it In this example, the 
well has been drilled through the shale into 


a deeper layer of water-bearing sandstone 
Both the deep drilled well opposite and the 
shallow drilled well at far right require pro¬ 
fessional drilling equipment; they are ex¬ 
pensive but reliable. 

The other three wells, all shallow, can be 
constructed by using comparatively simple 
tools. The old-fashioned dug well, for ex¬ 
ample, calls for little more than a pick and 
shovel to dig the shaft, and a bucket and 
rope to lift out dirt- but the well cannot be 
dug more than a few feet below the water 
table: if the table drops, the well runs dry. 
The narrow (and therefore low-yield) driv¬ 
en well, especially suitable for sandy soils, 
consists of a series of pipes fitted to a drive 
point and coupled in succession as they 
are hammered into the ground The bored 
well, often equipped with a sharp well point, 


is twisted into the ground with a hand or 
powered auger; it rivals the drilled well in 
dependability, but cannot be sunk through 
rock formations. Except for the driven well 
which consists solely of its own coupled 
pipes, all of these wells contain certain ba¬ 
sic components. To protect against col¬ 
lapse, there are metal, masonry, ceramic 
or plastic casings; to prevent contamina¬ 
tion from the surface, cement grouting fills 
the space around the upper part of the cas¬ 
ings and the well openings are sealed. 

The four shallow wells also contain devices 
for keeping out sand a screen for the shal¬ 
low drilled well, points that incorporate 
screens for the bored and driven wells, and 
a bed of crushed rock for the dug well. The 
deep drilled well needs no filter since it 
draws water from a rock formation 


GRAVEL 
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WATER FROM A WELL continued 


Submersible Pumps 

Thecompact, ingenious submersible 
pump pushes water upward from a 
point deep in a well rather than pull¬ 
ing it up the way a suction pump 
does. This type, operating unseen, 
unheard and virtually without main¬ 
tenance (cooling is provided by the 


well water in which the pump is sub¬ 
merged), is fast becoming the one 
most commonly installed for home 
wells. However, the popularity of the 
submersible pump is relatively re¬ 
cent, because it was not orginally 
designed for residential use. After 
decades of development for mines 
and oil wells, it was adapted to house 
water systems only in the late 1940s. 
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A system for submerged pumping 

A deep'Well system consists of a submers- 
ible pump that is suspended below the water 
table in a well casing and a pressure tank in 
the house basement. The pump, powered 
through an underground conduit and a wa¬ 
terproof cable, forces water to the tank 
through a supply pipe and an intake pipe 
buried beneath the frost line. Because it is 
submerged in water, which is an electrical 
conductor, the pump must be protected 
against lightning; arresters are installed in 
the control box or in the pump, or both. 

In the tank, the pressure of air above the wa¬ 
ter forces water through the house pipes, 
and changes in water pressure start and 
stop the pump. When the water level in the 
tank drops, lowered water pressure triggers 
a pressure switch that turns the pump on, 
and water flows into the tank until its in¬ 
creased pressure turns the switch off A flexi¬ 
ble plastic bag contains the water and keeps 
the air above trapped, preventing the tank 
from becoming waterlogged [page 116). 
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Inside the pump 

A cutaway view of a submersible pump 
[left] shows its basic parts: a replaceable 
electric motorand a series of pump stages. 
Each of the stages (the number varies with 
the system’s pressure requirements) is it¬ 
self a miniature pump. As shown in the 
exploded view of a single stage [above], 
water enters the bottom of an impeller- 
diffuser unit. It flows through the center of 
the rapidly rotating impeller, is flung out¬ 
ward by the impeller blades, and passes di¬ 
rectly into the stationary diffuser at its rim. 
The diffuser baffles direct the water toward 
the center, increasing its pressure and con¬ 
verting it into a single stream that enters the 
center of the next impeller. As the water 
moves outward, inward and upward, each 
stage successively increases its pressure 
until it eventually passes into the supply 
pipe at the correct pressure level. 


The pressure switch 

The pressure switch (shown in a cutaway 
view at left, above, and in the diagrams 
above) switches the pump on and off au¬ 
tomatically within a specific range of wa¬ 
ter pressure, usually 20 to 40 pounds per 
square inch. Water from the storage tank 
reaches the switch through a tube and 
pushes against a watertight diaphragm in¬ 
side the switch housing. The diaphragm 
exerts pressure on a complex linkage held 
in place by an adjustable spring. When 
pressuredrops to the low point of the pres¬ 
sure range, the spring forces the linkage to 
close electrical contacts and start the pump 
[above, top]. The pump operates until the 
upper limit of the range is reached; at that 
point, the increased pressure on the dia¬ 
phragm forces the linkage to open the con¬ 
tacts and stop the pump [above, bottom]. 
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Jet Pumps 


The workhorse of private-home well 
systems is the jet pump, made in 
designs for either deep or shallow 
wells. Both types are suction pumps, 
but the deep-well pump shown on 
this page at right is the more intricate 
because it must lift water farther. It 
gets extra power by recirculating wa¬ 
ter back into its suction pipe through 
an ejector unit (below). In this unit a 
high-velocity stream of the recircu¬ 
lated water acts as a booster, sucking 
well water up in a powerful flow. 
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A deep-well system 

In the compact pump house diagramed 
above, a deep-well jet pump has been 
mounted alongside a pressure tank Water 
pumped from a well beneath the pump 
house passes up a suction pipe to the pump 
As much as three quarters of this water is 
sent back into the well through a pressure 
pipe leading to an ejector unit, shown in de¬ 
tail at far left. The rest of the pumped water 
goes to the pressure tank; as the stored wa¬ 
ter is needed, compressed air within the tank 
forces the water through an underground 
service pipe to the house. An electric heat¬ 
er and a window in the pump house protect 
the system from freezing in winter or over¬ 
heating in summer. 


FOOT VALVE 


The deep-well ejector unit 

Recirculated and freshly pumped water are 
combined in the Y-shaped ejector unit of a 
deep-well jet pump The recirculated water, 
forced down the pressure pipe, turns to 
stream up and out a nozzle in a high-speed 
jet As the jet enters the narrow throat of a 
flared tube called a venturi, the stream rap¬ 
idly expands, creating a partial vacuum 


that sucks in well water. (The venturi prin¬ 
ciple can be observed in an ordinary show¬ 
er bath; the jets lower pressure in the 
enclosure, thus sucking in the curtain ) 

In the well, water enters the ejector through 
a screened intake and a foot valve that clos¬ 
es, keeping water in the system when the 
pump stops The ejector’s reinforcing suc¬ 
tion can lift water from a depth of 120 feet 
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The deep-well jet pump 


In a deep-well jet pump, the pumping proc¬ 
ess begins when an electric motor rotates an 
impeller [small diagram at left), the pump’s 
only moving part. Whirling clockwise, the im¬ 
peller blades create a partial vacuum at the 
opening of the suction pipe, drawing water 
from the pipe and throwing it outward into the 
stationary spiral diffuser, which empties into 
a large chamber. From the bottom of the 
chamber, 50 to 75 per cent of the water [de¬ 
pending on the depth of the well] passes into 
the pressure pipe and down to the ejector 
unit [opposite). The remainder flows out a top 
opening and through a pipe to the pressur¬ 
ized storage tank. A tube connects the pump 
to a pressure switch, which automatically 
activates the pump according to variations 
in water pressure. 
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A shallow-well jet pump 

This jet pump, which lifts water from depths 
up to 25 feet, is fitted with an ejector unit 
mounted on the pump rather than sub¬ 
merged in the well. A suction pipe brings 
well water to the pump, and recirculating 
water is forced directly into the ejector unit 
by the pump’s impeller and diffuser. With¬ 
in the ejector, as in the deep-well system 
shown opposite, a jet stream boosts the 
pressure and volume of incoming water. 
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WAltH hHUM A WbLL continued 


Piston Pumps 

The lively veteran of motorized well 
pumps is the reciprocating piston pump, 
which became popular in the 1920s. Al¬ 
though many are still chugging away, re¬ 
placement parts are becoming harder 
and harder to come by; in many cases, 
broken piston pumps must be replaced 
with modern jet pumps. Two types of 
piston pumps were common. One, for 
deep wells, pushes water to the surface; 
the other, for shallow wells, sucks— 
rather than pushes—the water up. 

In a deep-well pump, the motor drives 
a single-acting piston up and down in a 
cylinder that issubmerged in the well 
water, alternately sucking water into the 
cylinder and pushing it up in a powerful 
surge. In shallow wells, a double-acting 
piston at ground level simultaneously 
sucks up and discharges the water. 
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A deep-well pump’s working head 

The aboveground portion of a deep-well 
piston pump, called the working head, 
converts a motor's rotary motion into up- 
and-down, or reciprocating, action. In the 
version at left, a belt links the motor to a pul¬ 
ley that turns a set of gears. A connecting 
rod driven by the gears creates reciprocat¬ 
ing motion in the crosshead, which slides 
up and down on a guide rod to drive the at¬ 
tached piston rod and an air pump. 
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A deep-well piston-pump system 

A deep-well piston pump drives a piston rod 
in a submerged cylinder at about 50 strokes 
a minute. Water moves up a supply pipe to a 
pressure tank—here the venerable type in 
which the air and water are not separated by 
a physical barrier (page 110J —along with air 
bubbles from an air pump. If excessive pres¬ 
sure builds up. a pressure-relief valve re¬ 
leases water. which goes down a floor drain. 

Inside the submerged cylinder 

The churnlike single-acting piston makes a 
downstroke and an upstroke for each de¬ 
livery of water. When the piston rod forces 
the piston down in the cylinder [below, left], 
water pressure closes the cylinder’s check 
valve and opens the piston valve, forcing 
water into the upper part of the cylinder. On 
the upstroke [below], the piston valve clos¬ 
es and the trapped water is pushed upward 
to the tank; at the same time, the piston 
sucks open the check valve and pulls more 
water into the lower part of the cylinder. 


OUTLET 


A shallow-well piston pump 

Unlike the deep-well pump on the opposite 
page, a compact shallow-well piston pump 
raises water out of a well by suction alone. 
All the working parts are aboveground. 
The motor and a short piston rod drive a 
double-acting piston [drawings, at bottom] 
that both sucks in and discharges water 
on every stroke. 
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A double-acting piston 

In the cylinder of a double-acting pump, a 
solid piston moves back and forth across 
two chambers, each equipped with its own 
suction and discharge valves. On a back- 
stroke [above, left], the valves open and 
close to suck water from the well into the 
left chamber and drive it out of the right 
chamber (arrows?; on a forward stroke 
[above, right], the pattern is reversed. 
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WATER EHUM A WELL continued 


Fixing Tank or Switch 


Repressurizing a waterlogged tank 


Home pumping systems will usually 
provide at least 10 years of trouble- 
free service—and some last as long 
as 25 years without a major mishap. 
Even the most reliable system, how¬ 
ever, occasionally fails. Two of the 
most common problems, malfunc¬ 
tioning pressure switches and water¬ 
logged tanks, can be corrected by 
the procedures described on this 
page. Other simple repairs are listed 
in the chart on the opposite page. 

Some troubles may require pulling 
submerged piping or pumping units 
from deep in the well; these jobs are 
best left to a serviceman. 



Waterlogging, the absorption of air by wa¬ 
ter in a single-chambered pressure tank so 
that the essential air cushion at the top of a 
tank almost disappears, can be recognized 
by fluctuating water pressure or the sound of 
the pump turning on too frequently The rea¬ 
son is indicated at left, this old-fashioned 42- 
gallon tank ordinarily delivers about seven 
gallons of water (lightly tinted area] before 
the falling pressure reactivates the pump. In 
a waterlogged tank, only a few pints are 
available and the pump will be starting and 
stopping almost constantly 

To replace the air cushion, cut off the elec¬ 
tricity, then drain the tank by opening the 
dram valve and a house faucet Air will en¬ 
ter the tank through the faucet After the 
tank is drained, close the valve and faucet, 
and restart the pump; the air will then be 
trapped and compressed If the tank be¬ 
comes waterlogged often, it has developed 
an air leak and should be replaced with a 
modern model (page 110] 



Cleaning pressure-switch contacts 

If a pressure switch (page 111] chatters 
noisily or fails, shut off the electricity, re¬ 
move the switch cover and check the sur¬ 
face of the contact points Discoloration or 
unevenness-pitting -interferes with cur¬ 
rent flow In an emergency, rub the points 
with fine sandpaper (above] If trouble per¬ 
sists, replace the switch (right]. 


Replacing the pressure switch 

Turn off the electricity to the pump and 
drain the tank Remove the switch cover, 
disconnect all wires and pull them out of the 
switch housing Unscrew the hex nut be¬ 
hind the switch housing, then remove the 
switch from its mount. Reverse the proce¬ 
dure to install a new switch 
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Troubleshooting Water-Supply Systems 


Problem 

Possible Causes 

Solution 

Pump will not start 

Faulty electrical circuit 

Malfunctioning pressure switch 

Inoperative pump motor 

Obstruction in tubing to pressure switch 

Obstruction in piston-or jet-pump 
mechanism 

Check fuses, switches and wiring; replace 
worn or damaged components; tighten 
all connections 

Clean contact points or replace switch 
(opposite] 

Have motor repaired or replaced 

Remove and inspect tubing; clean or 
replace plugged tubing 

Shut off power and turn pump 
mechanism manually to locate and 
remove obstruction 

Pump will not stop 

Incorrect pressure-switch setting 

Defective pressure switch 

Obstruction in tubing to pressure switch 

Loss of ‘prime" (full charge of water from 
pump to well) in jet or piston pump 

Adjust switch setting 

Replace switch 

See same cause and its solution, above 
Reprime by adding water through priming 
plug or opening; if problem persists, 
check valves and suction lines for leakage 

Pump starts and stops 
often 

Waterlogged pressure tank 

Malfunctioning pressure switch 

Air leak in pressure tank 

Leak in house plumbing 

Replace air-volume control: drain and 
refill- tank (opposite] 

Check switch settings and clean or 
replace switch [opposite] 

Coat upper tank surface with a film of 
soapy water, if bubbles form, have leaks 
repaired or tank replaced 

Check house outlets, especially faucets 
and toilets; repair or replace leaky units 

Pump motor overheats 
and shuts down 

Inadequate ventilation 

Worn-out motor 

Pump overworked by heavy water 
consumption 

Improve ventilation or move pump 

Have motor repaired or replaced 

Install more powerful motor 

Little or no water 

Inadequate prime 

Inadequate well capacity 

Blockage at pump intake 

Reprime pump (see above]; if problem 
persists, check valves and suction lines 
for leakage 

Shut off pump until well refills: if possible, 
extend pump intake to lower level 

Have pump or intake cleaned 

Water spurts from 
faucets 

Excess air in pressure tank 

Check air-volume control and have it 
replaced if necessary 

Excessive noise 

Worn motor bearings 

Poor motor mount 

Sticking valves in piston pumps 

Grease bearings; if necessary, have 
motor replaced 

Insulate motor from concrete floor with 
rubber mat or washers 

Inspect and clean around valves; if they 
do not close tightly have them replaced 
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DISPOSAL SYSTEMS 


The septic tank and drainage system that make up 
an independent sewage-disposal unit are gener¬ 
ally designed to perform efficiently for 20 years or 
more—but many of them never reach anything 
near that age. Instead, they fail prematurely be¬ 
cause of overuse or neglect, or both. Yet a few sim¬ 
ple precautions will ensure maximum life for either 
of the two basic arrangements shown on these 
pages: be sure the septic tank is large enough for 
household needs; conserve water, which makes 
up 99 per cent of the material the system must 
handle; inspect the tank regularly [page 121) and 
clean it out before trouble begins, not after. 


A drainage-field system 

This cutaway view shows the preferred set¬ 
up for independent disposal, in which sew¬ 
age moves from the house through a pipe 
to a concrete septic tank for treatment 
(page 120). Inside the tank, the sewage 
separates into four components: sludge 
and scum, which are trapped in the tank, 
gas, which escapes back through the sew¬ 
er pipe to the house drain vent, and liquid 
sewage, called effluent 

The effluent flows through an outlet pipe to 
a drainage field composed of perforated 
pipes that are set into gravel fcross section, 
bottom left). As the effluent trickles from the 
pipes and seeps down into the earth, its im¬ 
purities are neutralized 

The chart on the opposite page indicates 
the capacities of septic tanks that are re¬ 
quired for homes of various sizes. 


























VENT PIPE- 



Septic Tank C 

Number of 
bedrooms 

iapacity Chart 

Minimum capacity 
[gallons) 

1 or 2 

750 

3 

900 

4 

1,000 

5 

1,250 

These capacities, recommended by the 
U.S. Public Health Service, allow for 
normal wastes plus the use of a washing 
machine and a garbage grinder. 


A seepage pit 

A precast concrete seepage pit can take 
the place of a drainage field if there is no 
space for a complete field, or if deep drain¬ 
age is needed because of poor absorption 
just below the surface From the pit, which 
may be as much as 20 feet deep and 12 feet 
wide, effluent seeps into the soil in all direc¬ 
tions and at a wide range of deoth6. 


































































DISPOSAL SYSTEMS continued 

The Septic Tank 

To many homeowners, septic tanks 
are out of sight and out of mind. Be¬ 
cause the buried tank rarely requires 
maintenance, some people do not 
bother to place a landmark, such as 
the birdbath in the drawing below, 
to pinpoint its location for the time 
when maintenance is needed. 

Though lightly used tanks survive 
neglect for years, most tanks require 
cleaning every two or three years to 
remove the build-ups of sludge and 
scum. At least once a year, inspect 
your tank for such build-ups, follow¬ 
ing the procedures opposite 


LOCATION MARKER- 


J- 


The workings of a septic tank 

Raw sewage enters a concrete septic tank 
through a submerged inlet pipe Within the 
tank, biochemical action converts some of 
the sewage solids to liquids and gases 
Three levels of sewage result solids sink to 
the bottom as sludge, oily substances float 
to the top as scum, and the remaining liq¬ 
uid, called effluent, fills most of the tank 

When the tank's liquid level rises above the 
point shown in the drawing, effluent flows 
through the outlet pipe and on to a drain 
age field. The covered opening above the 
outlet pipe enables you to inspect the levels 
of sludgeand scum. The opening at the left 
is used by a professional tank cleaner to 
pump out the tank’s contents. 
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1 Measuring the scum level 

Uncover the inspection opening and insert 
a scum stick—a six-foot pole with a six-inch 
wooden square or disc secured to its end. 
Lower the stick deep into the tank, then 
raise it slowly until you feel resistance from 
the scum [below, left]. Holding the stick at 
this position, mark point A where the stick 
is even with the ground. 

Lower the stick along the outlet pipe until 
you feel the end reach the pipe bottom [be- 
low, right]; mark ground level at B on the 
stick. If the distance from A to B is three 
inches or less, the tank requires profes¬ 
sionalcleaning. 



Measuring the sludge level 

Make a sludge stick: a long pole with white 
toweling tacked tightly around the lower 
three feet and a nail driven through the pole 
near the base. Uncover the inspection 
opening and lower the stick through the 
outlet pipe until the nail catches the bottom 
rim of the pipe. Holding the stick at that lev¬ 
el, mark point A on the stick even with the 
ground. Now lower the stick to the bottom, 
and mark ground ievel at B on the stick. 

Raise the stick slowly and measure the 
length of toweling blackened by sludge. 
Measure the distance between A and B to 
get the distance from the bottom of the out¬ 
let pipe to the bottom of the tank. From this 
distance, subtract the length of sludge ac¬ 
cumulation to determine the distance be¬ 
tween the sludge and the outlet pipe. 

Finally, determine the depth of the liquid in 
your tank by measuring the moistened por¬ 
tion of the sludge stick. You can now use 
the table below to decide if the sludge build¬ 
up calls for a tank cleaning. 


Limits for sludge build-up 

This chart indicates the minimum safe dis¬ 
tance between sludge and outlet pipe for 
various tank sizes and liquid levels. Use 
your septic tank's capacity and liquid level 
to find the correct minimum in your own 
case. If the tank's sludge-to-outlet distance, 
as determined in step 2, is less than the 
chart figure, then it is time for you to have 
your tank pumped out. 


Tank 

capacity 

(gallons) 

Tank liquid level 

3 feet 

4 feet 

5 feet 

Sludge-to-outlet distance (inches) 

500 

11 

16 

21 

600 

8 

13 

18 

750 

6 

10 

13 

900 

4 

7 

10 

1,000 

4 

6 

8 
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Taking the Guesswork 
Out of Home Wiring 


Nobody invented electricity. This natural phe¬ 
nomenon was around for billions of years be¬ 
fore man arrived on this planet and for another 
couple of million years before he tried to do 
anything with it. Then, after timid and slow be¬ 
ginnings—the first light bulb in 1879, the first 
electric fan in 1882—the use of electricity 
gained momentum. This momentum has never 
been greater than in recent decades. On the 
one hand, new technology developed novel 
products and improved old ones; on the other, 
increasingly sophisticated life styles provided 
an ever-widening and eager market. The result 
has been a dramatic surge in electricity s appli¬ 
cation in the home: more than one billion elec¬ 
trical appliances are in use in America. 

Since World War II, the consumption of elec¬ 
tric power in the United States has doubled 
every 10 years, and the wiring installed in 
American homes has been beefed up accord¬ 
ingly. An average house built in the 1950s was 
provided with electrical capacity that could, in 
effect, light seventy 100-watt bulbs simulta¬ 
neously. New houses now are generally built 
with up to 10 times that capacity. 

Today, electric power keeps homes warm in 
winter, cool in summer and well lighted at 
all times. Labor-saving electrical appliances 
can be had for almost any task, from brushing 
teeth to running a cement mixer. Electricity 
has become the most useful, most convenient 
and most versatile servant humanity has ever 
known—and people are finding still more uses 
for it every day. At the same time, its cost in¬ 
creases constantly, and it represents a steadily 
growing portion of the family budget. 

You can get the most effective —and eco¬ 
nomical-help from this versatile, ever-ready 
servant if you know something about the way 
electricity works, and how to keep it working. 
Take lighting, for example: is it more efficient 
to replace incandescent light fixtures with flu- 
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orescent ones? (It is —and what is more, you 
can do the job yourself, as shown on pages 156- 
157.) Do “long-life” electric bulbs represent a 
saving over ordinary bulbs? (Not always, as 
you will see on page 157.) Are modern dimmer 
switches worth the extra money that they cost? 
(They are, for they save electricity by permit¬ 
ting you to lower the lighting level to fit your 
mood and your needs; they are described on 
pages 170-171.) 

Clear rules for safe and easy work 

More important, an understanding of electrical 
fundamentals will enable you to do basic re¬ 
pair and maintenance work yourself. There is 
nothing difficult in any phase of the work it¬ 
self, nor is there any legal barrier to keep you 
from doing it. Yet many homeowners who 
cheerfully tackle complex repairs on their 
cars, boats and plumbing shy away from elec¬ 
trical work. The reason, usually, is ignorance 
of basic electrical principles. Once the igno¬ 
rance is dispelled, the ease of electrical main¬ 
tenance and repair becomes clear. 

Once you turn off the current at its source 
— as you must do before starting any electrical 
job—working with electricity is in some re¬ 
spects safer than working with plumbing. It is 
always less messy; you may find some fittings 
a little dusty, but they will never dump water 
or wastes on the floors of your home. 

Part of the ease of electrical work comes 
from the standardization of parts. The manu¬ 
facturers of plumbing supplies offer their 
pipes, fittings and fixtures in a bewildering va¬ 


riety of shapes and sizes; a part that works in 
one plumbing system often fails to fit another. 
Not so with electrical materials. No matter 
where you shop or what you shop for—a 
switch, a socket, a wall or ceiling light fixture 
— the part you buy is going to fit into the elec¬ 
trical system that is in your home. 

The work itself is astonishingly easy. A 
plumber who “sweats a joint” calls upon per¬ 
fected skills and years of experience —and a 
homeowner doing the same job (pages 60 - 61 ) 
may find his own skills taxed. A home electri¬ 
cian has only to assemble a few wires and con¬ 
nect them according to a standardized color 
code. Since every electrician follows the same 
wiring rules, your house will be wired in much 
the same way whether you live in Miami or 
Vancouver. With standardized parts and stan¬ 
dardized installation methods, making replace¬ 
ments or minor additions to house wiring 
becomes almost as simple as the assembling of 
your child’s Erector set. 

With only a few simple tools you can replace 
a malfunctioning switch or a broken socket, in¬ 
stall or repair a doorbell or chime, change your 
lighting fixtures, or change over entirely from 
incandescent to fluorescent light. But what¬ 
ever you do will be done better if you prepare 
yourself with a fundamental knowledge of 
electricity. When you know how an electric 
current flows, the wiring of a light fixture be¬ 
comes logical and meaningful. When you un¬ 
derstand why the fixture is “grounded” —that 
is, has a direct connection to the earth —some 
of the safety rules that apply to all electrical 
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Electricity’s up-and-down path 


DISTRIBUTION LINE 



On its way from generator to home, power 
is repeatedly raised or lowered in electrical 
pressure, or voltage, at the expense of am¬ 
perage, the rate of flow. Transformers, like 
those in doorbells [page 177J, step up vol¬ 
tage from perhaps 15,000 at a generator 
to as much as 765,000 for high-voltage 
transmission, then down to about 13,000 
volts for distribution, and finally to 120 volts 
for your home. The reason for making 
these changes in the voltage is economy: 
transmission losses are least at low amper¬ 
age and correspondingly high voltage. I 


work will become obvious. And you will find a 
fund of directly useful information once you 
learn the meanings of a small group of terms: 
amperes, volts, watts and cycles. The same 
words, stamped by manufacturers on light 
bulbs and most appliances, give you essential 
facts about these products. 

The characteristics of electricity 

In one sense, electricity is what the world is 
made of. Every speck of matter, including the 
substance of your own body, contains small 
particles of electricity. Some particles are said 
to carry a “positive” electric charge, others a 
“negative” one; the terms positive and nega¬ 
tive are arbitrary labels, and only the negative 
ones matter to you as a user of electricity. The 
flow of these particles (called electrons) be¬ 
tween two points of a wire constitutes a cur¬ 
rent. All the measurements of electricity refer 
to this stream of electrons. An ampere mea¬ 
sures its volume of flow, a volt measures the 
force that makes it flow, and a watt measures its 
power to do work. 

An electric current travels with lightning 
speed—20,000 miles per second along a cop¬ 
per wire—but individual electrons do not: they 
amble along at less than an inch per second. 
The current streaks through the wire because 
the electrons jostle each other all the way. 

The phenomenon can best be understood by 
imagining a pipe completely filled with golf 
balls. If an additional ball is pushed in at one 
end of the pipe, a ball will pop out almost in¬ 
stantly at the other end. Similarly, when a dis¬ 


tant power plant forces electrons into one end 
of a wire, other electrons almost immediately 
come out at the other end—to light a lamp, per¬ 
haps, or start the coffee. 

Electrons more than make up in quantity 
what they lack in speed; their volume of flow in 
a current, as measured in amperes, is astonish¬ 
ingly great. To light an ordinary 100-watt light 
bulb, which requires a current of about one 
ampere, some six million million million elec¬ 
trons must flow through the bulb each second. 
In a 15-ampere house circuit used at full capac¬ 
ity, the current consists of 94,200,000,000,000,- 
000,000—nearly 100 million million million 

— electrons per second. The amperage does 
not measure just a number of electrons, but the 
number of electrons that flow past any point 
in a wire each second, just as gallons per sec¬ 
ond measure the flow of water through a pipe. 

The water analogy also helps to explain the 
units called volts, for voltage is to electricity 
what pressure is to water. The higher the pres¬ 
sure at the source, the greater the flow of 
water that is forced through a pipe; similarly, 
the higher the voltage, the greater the flow of 
electrons through a wire. For lights and most 
appliances, homes in the United States and 
Canada use approximately 120 volts. But for 
large appliances requiring very heavy currents 

— for cooking, heating, centralized air condi¬ 
tioning—240 volts are generally used. 

Watts, the third major measure of electric¬ 
ity, generally concern you most of all; for watts 
measure the rate at which you consume elec¬ 
trical energy, and energy is what you pay for 
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when you use electricity. The power consump¬ 
tion of many devices —lamps, irons—will be 
marked on them in watts. Other devices — 
fuses, motors—are rated by the current they 
carry; that is, by amperes. The units are relat¬ 
ed, however, so if you know one you .can al¬ 
ways figure out the other. The power in watts 
is equal to the voltage multiplied by the num¬ 
ber of amperes. Thus an 8-ampere air condi¬ 
tioner on a 120-volt circuit consumes 960 
watts; or, conversely, a 1,000-watt steam iron 
on a 120-volt circuit draws 8.3 amperes. 

Total energy consumption, of course, de¬ 
pends on how long an appliance is kept run¬ 
ning, and is calculated by multiplying the 
power (expressed in 1,000-watt units called 
kilowatts and usually abbreviated to kw) by 
the time in hours. The result is a composite fig¬ 
ure called kilowatt-hours (kwh). If you use a 
1,000-watt iron for an hour, it will consume ex¬ 
actly one kilowatt-hour, which will be tallied 
on your electric meter (pages 150-151) and will 
eventually figure in your electric bill. 

AC and DC: two kinds of current 

These measures —volts, amperes, watts and 
kilowatt-hours —apply to all forms of electric¬ 
ity, whether from a battery or from a wall out¬ 
let. But the source of the current does make a 
crucial difference. The current produced by 
batteries, used to power such appliances as 
flashlights, toothbrushes and grass clippers, is 
a direct current (DC), flowing in one direction; 
for house wiring, power plants generate alter¬ 
nating current (AC) —a current that rapidly 
and repeatedly changes its direction. In the 
United States and Canada —but not in most of 
the world (page 128) — it is a 60-cycle current: 
that is, it flows in one direction, then in the op¬ 
posite direction, and completes this two-part 
cycle 60 times a second. 

Why alternating current? In the 1880s, that 


question was bitterly debated. Thomas Edison, 
for one, could see no need for it. He had per¬ 
fected a generating and transmission system 
that could power anything from a light bulb to 
a trolley car—with direct current. Its only 
drawback was that the power plant had to be 
within a mile or two of the appliance; accord¬ 
ing to one critic, most families would need gen¬ 
erators in their backyards if they wanted to 
make use of Edison’s electric light. But a new 
generation of inventors and engineers, partic¬ 
ularly those employed by Edison’s chief rival, 
George Westinghouse, insisted that they could 
transmit electricity over miles or hundreds of 
miles —if they sent it out in alternating current 
at 2,000 volts. (Their plans were modest: today, 
current travels at voltages in six figures.) To 
Edison, the idea seemed utterly preposterous. 
“The use of alternating current,’’ he snorted, 
“is unworthy of practical men.” 

Thomas Edison eventually lost what his con¬ 
temporaries called the War of the Currents (an 
outrageous and vicious propaganda campaign 
that led many newspapers, influenced by Ed¬ 
ison, to refer to the execution of a criminal by 
alternating current as “sending him to the 
Westinghouse”). Although DC continued to 
be supplied to some homes until after World 
War II, all electricity for homes is now AC 
because of the necessity of locating central 
power stations far from the point of use. The 
device that makes long-distance transmission 
possible and also provides a useful variety of 
voltages within the home is a transformer. It 
does what its name suggests: transforms the 
voltage and amperage of electricity passing 
through it. It contains no moving parts, just 
coils of wire, plus in some cases pieces of iron, 
but it works only with alternating current. 

The transformation of alternating current is 
made possible because of the relationship be¬ 
tween electricity and magnetism. When cur- 
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Picking the Right Extension Cord 


An extension cord obviously has to carry 
enough current to supply the needs of the ap¬ 
pliance it serves. What is not so obvious is 
whether it can. If the wire is too thin, the cur¬ 
rent will overheat and damage the cord—and 
even start a fire. Moreover, a long cord may 
waste power, for resistance of the wire caus¬ 
es the voltage to drop—the longer and thin¬ 
ner the wire, the greater the loss of voltage. 
This drop can have serious effects. 

An extension cord that receives 120 volts 
at the outlet but delivers only 108 volts at its 
other end causes a 10 per cent voltage drop; 
but that drop costs a motor almost 20 per 
cent of its normal power and costs a lamp 30 
per cent of its normal fight. Severe voltage 
drop so weakens a motor it may burn out. 

Fortunately, increasing the thickness of a 
wire reduces the loss in voltage, just as it less¬ 
ens heating. Some voltage drop is inevitable 
and acceptable; a decrease of 2 per cent or 
less is unimportant. To keep voltage loss 
within this limit in a long cord, pick one with 
wire large enough for the length as well as the 
current consumption marked on the appli¬ 
ance nameplate. The chart below matches 
wire sizes to length and amperage. [If con¬ 
sumption is expressed in watts, divide by 120 
in order to get amperes.] 




Matching wire size to length and amperage 
Appliance current 


consumption 

Length 

Wire size 

(amperes) 

(feet) 

(gauge no.) 

Up to 7 

50 

16 


100 

14 

8 to 14 

Up to 25 

16 


50 

14 


100 

12 

15 to 18 

Up to 25 

14 


50 

12 


100 

10 




rent moves through a wire, the wire produces 
a magnetic force. And conversely, when a mag¬ 
netic force is moved near a wire, a current is 
produced in the wire. This principle is used in 
generators to produce power and in motors 
(pages 190-193] to produce mechanical motion. 
In the transformer, it is applied to two sepa¬ 
rate coils of wire, one coil connected to a 
power source, the other coil connected to the 
power-using device or devices. A current flow¬ 
ing through the first, or primary, coil generates 
magnetism in the space nearby. If the current 
changes —as alternating current does, rapidly 
reversing its direction—the magnetism will 
change similarly, reversing the direction of its 
north and south poles. The result is a moving 
magnetic force. It causes current to flow in the 
second coil, the secondary, since current is in¬ 
duced in any wire that is subjected to a mov¬ 
ing magnetic force. 

The new current that is magnetically in¬ 
duced in the secondary need not be exactly the 
same as the power-supply current in the pri¬ 
mary. Its voltage and amperage depend on the 
number of windings in each coil. If the secon¬ 
dary has more turns of wire than the primary, 
the secondary voltage will be greater—and its 
amperage will be correspondingly less. Such a 
“step-up” transformer is employed at the gen¬ 
erating station to create very high voltages and 
relatively low amperage for transmission. This 
voltage-amperage combination is the secret of 
economical transmission of electricity, be¬ 
cause it reduces the inevitable loss of power 
along the way to where it is consumed. 

Whenever electricity passes along a wire, 
some power is wasted, mostly in heat that is 
generated by electrons moving against the 
wire’s resistance. At high amperages, with 
correspondingly high numbers of electrons 
passing through the wire, the heat loss makes 
long-distance transmission impractical. 
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A World of Assorted 
Volts and Cycles 


By reducing the amperage, the transformer 
cuts the transmission loss; it does not change 
the total power, which remains constant be¬ 
cause the voltage is simultaneously increased. 
This economizing trick of the transformer is 
the reason alternating current is now univer¬ 
sally supplied by power lines—transformers 
require changing currents and magnetism, 
which are not provided by the constant flow of 
direct current but are the essential characteris¬ 
tics of alternating current. 

Between the generating station and your 
home, a number of transformers trade volts 
and amperes, stepping voltage up at the gen¬ 
erator, then down in successive stages as the 
distribution network divides and subdivides to 
deliver power to individual consumers (draw¬ 
ing, pages 124-125). The end of the network is 
visible on a pole near your house: a metal con¬ 
tainer, about the size of a garbage can, that 
houses a step-down transformer to reduce the 
local distribution voltage (usually about 13,000 
volts) to two separate supplies of approximate¬ 
ly 120 volts each. 

Most homes built within the last two dec¬ 
ades are connected to both supplies. The two 
separate voltages not only can be used inde¬ 
pendently to give 120-volt power but also can 
be added together to provide electricity of 240 
volts —an arrangement called 240-volt power. 
A very few older homes, however, are still con¬ 
nected to only one of the two supplies that are 
available from the neighborhood transformer; 
they are said to have 120-volt power. 

How current is distributed through a house 

Whether the house is wired for 120 or 240 
volts, the connections from the power compa¬ 
ny’s transformer go to a “service panel.” Here, 
in a metal box equipped with safety devices to 
shut off electricity automatically if something 
goes wrong, the incoming electricity is divid- 


Americans, accustomed to a continent-wide 
standardization of electric power that en¬ 
ables them to plug shavers and hair driers 
into receptacles from Montreal to Kansas 
City to Houston, are often dismayed when 
they travel overseas. For there is no world¬ 
wide standardization, but rather a frustrating 
variety of plugs, receptacles, voltages and 
frequencies—the result of attempts by early 
manufacturers to design systems that would 
prevent the use of a competitor’s products. 
In many countries, American and Canadian 
appliances cannot even be plugged in—their 
plugs do not fit the receptacles. 

The biggest variation is in voltages, which 
may be almost anything from 100 volts in Ja¬ 
pan to 600 volts in Bombay, India. While a 
combination of 220 and 380 volts is standard 
in most of Europe, England uses 240 and 415, 
while France offers a bewildering assortment 
of voltages that range from 110 to 380 volts. 
Paris is one of the few places in the world that 
provides electricity at 115 and 230 volts. 

As with voltage, so with frequency. The 60- 
cycle alternating current of North America is 
unknown almost everywhere else. Most for¬ 
eign countries generate alternating current at 
a frequency of 50 cycles. 

For an unwary traveler who carries a small 
appliance in his luggage, differences in vol¬ 
tage and frequency can be bothersome at 
best, dangerous at worst. A motor or heating 
element designed for 120 volts will almost in¬ 
stantly burn out at 220. Some manufacturers 
offer appliances that can be converted to a 
higher voltage. More adaptable is a plug-in 
device that transforms high voltages to low. 
The frequency difference is less easily over¬ 
come. Most 60-cycle hair driers and shavers 
will run at 50 cycles, though somewhat slow¬ 
er. In an electric clock or a phonograph, the 
difference in speed is crucial—and the appli¬ 
ance had better be left at home. 
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ed up into separate circuits (pages 146-147). A 
circuit is a closed path along which current 
may pass. The circuits are generally out of 
sight, consisting of heavy cables that snake 
through walls and ceilings to outlets —metal 
or plastic boxes that contain switches, attach¬ 
ments for lighting fixtures, or receptacles that 
you can plug lamps and appliances into. 

Some circuits serve only one outlet (the one 
for the dishwasher, for example), while others 
supply a whole string. A well-equipped mod¬ 
ern home contains several dozen circuits, some 
of them providing their outlets with 120 volts, 
others furnishing 240 volts. The difference 
in voltage calls for somewhat different wir¬ 
ing arrangements, which become visible when 
you open an electrical outlet box to make a 
repair or replacement. 

The 120-volt circuits are the simpler of the 
two types. Their cables generally consist of 
several layers of insulation surrounding three 
separate wires: one bare, one coated with 
white plastic and one coated with black plas¬ 
tic (pages 138-139). The black wire in the cable 
provides the electric current when a circuit is 
switched on to light a bulb or start an appli¬ 
ance. It is often called the hot wire because it 
carries electrons “under pressure” —at 120 
volts —and is therefore ready to perform work. 
In the analogy to the plumbing system, the 
black wire is the equivalent of the supply pipe, 
which carries water under pressure. 

The white wire in the house cable has an op¬ 
posite function. Because electric systems, like 
water systems, require complete circuits, there 
has to be a path carrying electrons from a us¬ 
ing device back to the generator at the power 
plant. It is the white wire that provides the re¬ 
turn path. It runs continuously through each 
circuit, bypassing all switches to ensure an un¬ 
interrupted return flow. The white wire is the 
equivalent of the plumbing drain. Just as wa¬ 


ter in a drain is under extremely low gravity 
pressure, so the electrons flowing through the 
white wire are at close to zero volts. They have 
given up virtually all of their energy in operat¬ 
ing whatever device they have passed through. 

Because a black wire inside the house is al¬ 
ways hot unless power is shut off at the service 
panel, it is dangerous; if you touch the wire 
itself, you will get a shock. By contrast, the 
white wire is neutral. By the time the current 
reaches this wire, the energy of its 120 volts has 
been expended; the wire is then at the same 
voltage as the earth. It cannot force a current to 
flow through your body or anything else. Thus, 
theoretically, it is safe to touch. But do not. 
Sometimes electricians make mistakes or take 
shortcuts and use the white wire as a hot wire. 
In a few cases, such as in a switch loop (page 
167), this is perfectly permissible. So do not 
consider a white wire or any other part of a 
circuit safe to work on until you have discon¬ 
nected the power at the service panel. 

The purpose and importance of grounding 

To ensure that the white wire is at the same 
voltage as the earth, it is installed with direct 
connections to the earth, that is, it is “ground¬ 
ed." Grounding of the white wire—by con¬ 
necting it in the service panel to a metal bar that 
is bonded to a plumbing pipe leading to under¬ 
ground water or connected directly to a pipe or 
stake driven deep into the ground—also en¬ 
sures that it will always be at the same voltage 
that you are, and thus keeps it neutral. 

The bare —or sometimes green-covered— 
wire in the house cables is an extra safety de¬ 
vice. It guards against mistakes in installation, 
and also against deterioration. All fixtures, ap¬ 
pliances and other electrical apparatus gradu¬ 
ally become worn, and when they are worn 
they are potentially dangerous. After repeated 
use, their parts break and their insulation 
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crumbles or wears thin; current that should 
pass through them can leak from its normal 
path. The leak may cause a spark or generate 
intense heat, raising the possibility of fire. It 
also may put 120 volts into something you 
might touch. To ensure that the leak does not 
become dangerous, the bare wire is connected 
to a grounded wire of the power company’s 
incoming line (thus, it is grounded itself), and 
it is securely fastened to every possible point of 
leakage—that is, to every box in every circuit, 
and in many modern installations, to the metal 
frames of switches, receptacles, light fixtures 
and many small and large appliances. 

Suppose, for example, that a switch is incor¬ 
rectly installed, or that the insulation on its 
black wire wears through; in either case, an 
exposed hot wire may make contact with the 
inner surface of the box. Immediately, the en¬ 
tire box, including the visible metal plate that 
covers it, can become hot and a potential 
source of shock or fire. The bare grounding 
wire protects the house and its inhabitants by 
completing a new circuit that leads from the 
exposed black wire to the ground. This new 
circuit is a "short circuit.” It contains no lamp 
or appliance; thus it transmits—instead of us¬ 
ing up—the energy of incoming electrons. A 
great surge of current will pass through the 
black and bare wires directly to the service pan¬ 
el. A fuse will blow or a circuit breaker will trip 
(pages 148-149); they are simply switches that 
interrupt current whenever it exceeds a speci¬ 
fied limit. What is more, a replacement fuse 
will also blow and a circuit breaker will contin¬ 
ue to trip until the fault in the wiring —or in an 
appliance—is found and corrected. 

An extra hot wire for 240-volt circuits 

Most of the elements of the 120-volt circuit- 
safety shutoff devices as well as ground and hot 
wires within the cables — are also present in a 


240-volt circuit. The difference is in the cable 
(and in the design of plugs and receptacles, to 
prevent anyone from plugging 120-volt ma¬ 
chinery into 240-volt outlets and vice versa). 
The 240-volt cable usually contains three 
wires, coded in one of two ways; bare for 
grounding, black and white for hot; or white for 
grounding, and black and red for hot. When the 
current is at 120 volts in one hot wire, it is also 
at 120 volts —but flowing in the opposite di¬ 
rection—in the other hot wire. The total volt¬ 
age carried by the two wires is thus 240. To 
deliver these 240 volts, both hot wires are 
hooked to the terminals of a receptacle. There 
is no neutral wire in such a circuit; the return to 
the power source is, in fact, over one of the hot 
wires. The bare or white wire provides ground¬ 
ing for the entire circuit. 

Occasionally, a four-wire cable is used in a 
240-volt circuit: a white neutral wire, a bare 
ground wire, and red and black hot wires. Al¬ 
though the total voltage of the black and red 
hot wires is 240 volts, the voltage obtained by 
hooking together either hot wire and the neu¬ 
tral wire is 120 volts, just as in an ordinary 120- 
volt circuit. Such a cable would serve an outlet 
that contains both a 120-volt receptacle and a 
240-volt receptacle, as might be the case with 
an electric range that draws 240 volts, while a 
receptacle on the range for plugging in small 
appliances requires only 120 volts. 

Either one of the hot wires—red or black— 
and the neutral white wire can be connected 
to a receptacle to provide 120 volts. The hot 
wire on the 120-volt receptacle plus the other 
hot wire can then be connected to the termi¬ 
nals of a 240-volt receptacle to provide 240 
volts. The bare wire serves, as in the case of 
the three-wire system, as a ground for both 
of the receptacles as well as for the box. 

The bulk of house-circuit wiring, whether 
120 or 240 volts, is beyond the reach of the av- 
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Watching the Costs of Your Current 


As the costs of producing energy continue to 
soar, the efficient use of electricity has become 
every homeowner’s concern—these costs, after 
all, turn up in your utility bill. The information in this 
chart can help you decide where it may be possi¬ 
ble to cut down on current usage—and when it is 
not worth worrying about. 

The chart lists the approximate number of 
kilowatt-hours consumed in a year under normal 
conditions by a variety of commonly used electri¬ 
cal appliances. A quick-recovery water heater 
uses the most—nearly 5,000 kwh annually; a 
toothbrush the least—a meager 0.5. 

To find the approximate cost to you of operating 
any of these appliances, multiply the appliance’s 
kilowatt-hour figure by the average price you pay 

Estimated kilowatt- 
hours 

Appliance consumed annually 


fora kilowatt-hour as determined by the method 
described on page 151. Then focus your person¬ 
al electricity-conservation program on those ap¬ 
pliances you own that use the most energy. Giv¬ 
ing up an electric clock or shaver would hardly 
put a dent in your bill; but you could make real 
savings by turning off a color television when you 
are not watching it or running a dishwasher only 
once a day at full capacity. It also pays to consid¬ 
er the energy requirements of appliances you 
plan to buy. Some manufacturers place a higher 
priority than others on energy efficiency. Thus two 
refrigerators with substantially the same features 
may vary significantly in operating costs. Check 
the wattage rating when choosing an appliance to 
estimate and compare annual operating costs. 

Estimated kilowatt- 
hours 

Appliance consumed annually 


Air conditioner (room)_1,389 

Blender_15 

Broiler_ T _100 

Clock_17 

Clothes drier_993 

Clothes washer_103 

Coffee maker_106 

Dehumidifier_377 

Dishwasher____. 363 

Fan 

attic_291 

circulating_43 

rollaway_138 

window_170 

Food mixer_13 

Freezer (15 cu. ft.)_1,761 

Frying pan_186 

Garbage disposer_:_30 

Grill_33 

Hair drier_14 

Fleater (portable)_176 


Humidifier 

163 

Iron 

144 

Microwave oven 

300 

Radio 

86 

Range 


standard 

1,175 

self-cleaning oven 

1,205 

Refrigerator-freezer (14 cu. ft.) 

1,829 

Roaster 

205 

Sewing machine 

11 

Shaver 

. . . . 1.8 

Television 


black-and-white 

_ 362 

color 

502 

Toaster 

39 

Toothbrush 

0 5 

Trash compactor 

50 

Vacuum cleaner 

46 

Water heater 


standard 

4,219 

quick-recovery 

4,81 1 


E 
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erage nonprofessional. Making connections at 
the service panel can be hazardous, and this 
task is best left to a licensed electrician. Most 
of the cables themselves are out of sight, in¬ 
side walls and ceilings where they are not sim¬ 
ple to get at. But the ends of the cables, where 
they are attached to the things you use, are 
easily reachable —and there you can do many 
jobs safely and efficiently. 

Wherever electricity is tapped in your home, 
you will find a rectangular or octagonal steel 
or plastic box containing a small end section 
of a house-circuit cable. The boxes serve as 
mounts for light fixtures, switches, recepta¬ 
cles and the like. All of these parts contain 
screw terminals or wires for making connec¬ 
tions to the cable wires; when you have con¬ 
nected the wires, you screw the part to the 
box. The simplicity of installation makes it 
easy for anyone to replace a defective part 
with a new one, or to replace an outmoded 
part with a modern one. 

For work of this type, neither a professional 
electrician’s license nor a special permit is re¬ 
quired, but common sense and prudence are 
always essential. Some old houses may contain 
wiring that does not follow present standards, 
and many modern homes contain complex cir¬ 
cuitry that calls for a professional. You should 
not attempt any job you do not completely un¬ 
derstand; never guess. 

Generally the connections at the box are 
safe to work on provided that you follow the 
rules. There are only two that must never un¬ 
der any circumstances be dodged: 

■ Turn off the electricity reaching the box be¬ 
fore opening it. Disconnect power at the ser¬ 
vice panel by removing the fuse or tripping the 
circuit breaker controlling that circuit. It is not 
necessary— or, generally, even desirable—to 
turn off the main switch and disconnect all cir¬ 
cuits; not only will you lack lights you may 


need, but you may have to go around unplug¬ 
ging appliances so that you do not put a strain 
on the system later by starting everything up 
simultaneously. After you have disconnected 
power to the circuit, make sure that you have 
turned off the right circuit by testing as shown 
on pages 142-143. 

■ Follow standard procedures in making con¬ 
nections, never deviating. Black wires are con¬ 
nected only to black or red wires, or to brass- 
colored terminals. White wires are connected 
only to silver-colored terminals or to other 
white wires, unless they are part of a switch 
loop, in which case they must be recoded black 
with tape or paint (pages 166-169). Bare wires 
are connected only to ground: other bare wires, 
ground terminals or, on some new fixtures, 
green-coded ground wires. After all connec¬ 
tions have been securely fastened and the pow¬ 
er has been turned on again at the service pan¬ 
el, retest as shown on pages 142-143 to make 
sure you have made no mistakes. 

The National Electrical Code 

The standard procedures for electrical work 
are so simple to follow partly because they are 
standard throughout the United States. Electri¬ 
cal codes, unlike plumbing codes, vary little 
from community to community. Nearly all lo¬ 
cal codes follow the National Electrical Code, 
which dates back to the early 1890s, when fire 
insurance companies began to concern them¬ 
selves with the hazards of faulty electrical wir¬ 
ing. In 1897, the first edition of the code was 
published under the sponsorship of the Nation¬ 
al Fire Protection Association. Revised every 
three years or so since that time, it has become 
the basic guide to electrical installation. 

You can buy a copy of it from the Nation¬ 
al Fire Protection Association, Batterymarch 
Park, Quincy, Massachusetts 02269. But 
under normal circumstances you will nev- 
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UL: Safety’s Watchman 


er need to read the code; its closely packed, 
highly technical pages are not very helpful to 
the nonprofessional. The explanations and in¬ 
structions in this volume, and the many hand¬ 
books on home wiring, incorporate all of the 
code data that you are likely to need. 

You should, of course, use components of 
quality rather than bargain-bin specials. Look 
for the UL symbol of the Underwriters’ Labo¬ 
ratories on every part you buy; for eight dec¬ 
ades this not-for-profit organization has led the 
electrical industry toward the manufacture of 
better and safer products (box, right). 

When you observe these precautions, you 
may be surprised by your success in electrical 
work. The average electrical repair job is not 
only simpler and cleaner than most plumbing 
jobs, but also needs to be done less often. Elec¬ 
trical maintenance problems are generally 
minor. The metal wires do not deteriorate 
much inside walls or ceiling, for electrons do 
not wear out the materials they pass through. 
Insulation may harden and become brittle over 
a period of years, but this seldom matters un¬ 
less the wires are disturbed in such a way that 
the insulation breaks off. 

On the other hand, switches, receptacles, 
light fixtures and extension cords do call for 
work that the homeowner can perform. All are 
subject to constant handling, to switching on 
or off, to occasional movement and to accident. 

ii[ 

And all of them are likely to become victims of 
obsolescence. New and better switches, fix¬ 
tures and receptacles appear periodically. 
New ideas in safety, like the three-prong 
grounded plug, make replacements and im¬ 
provements wise if not necessary. 

The tools for such jobs are few, inexpensive 
and easy to use (pages 136-137). The proce¬ 
dures are simple and easy to follow. Within the 
limits of an average homeowner’s skills, you 
can be your own electrician. 


When President Grover Cleveland pressed a 
button in the White House on May 1, 1893, 
the Chicago World’s Fair suddenly glowed 
in the night as no spectacle ever had: the 
President had flicked on Thomas A. Edison’s 
new electric light bulbs in their grandest dis¬ 
play. But the public wonderment turned to 
dismay as wires began to sputter and crackle 
-among the buildings they set afire was, em¬ 
barrassingly, the Palace of Electricity. 

Overwhelmed by damage claims, the fair’s 
insurance companies sent to Boston for Wil¬ 
liam H. Merrill, a troubleshooting electrical 
engineer. He found poorly insulated wires, 
bare wires, crossed wires and overloaded 
circuits. The new electrical industry needed 
standards. To provide them. Merrill set up 
shop with two helpers and $350 worth of test¬ 
ing equipment above a Chicago firehouse. 

Thus was born Underwriters’ Laborato¬ 
ries, Inc. (or UL], an independent testing or¬ 
ganization whose charter requires that it be 
operated “for service and not for profit,” and 
whose governing board includes govern¬ 
ment scientists, insurance officials, consum¬ 
ers, bankers and industrialists. In its four 
laboratories, 325 engineers annually test the 
safety of thousands of products ranging from 
dolls’ hair to roof tiles and fire doors. At one 
lab, whole houses are set ablaze to determine 
the fire resistance of building materials. 

Most of the UL’s work-about two thirds of 
the products tested—is concerned with elec¬ 
tricity. A new electric iron is dropped six times 
from ironing-board height to ascertain any 
effect on its thermostat. Products are submit¬ 
ted voluntarily by some 17,000 manufacturers 
in 45 countries, who pay for the tests; a prod¬ 
uct that passes gets the UL symbol indicating it 
meets minimum safety standards, and 400 in¬ 
spectors visit factories unannounced to ensure 
that standards do not slip. UL does not judge 
the price or quality—only safety—and guaran¬ 
tees nothing. But the UL symbol is looked for 
by wise consumers. 
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Basic 
Steps in 

Electrical Work 


Doing nearly any kind of work on a household 
electrical system is reasonably simple because 
the procedures have all been rigidly formal¬ 
ized, requiring that every step be done by the 
rules laid down in the nationwide code. Unfor¬ 
tunately everyone does not always follow the 
rules faithfully. Even professionals have been 
known to get careless, and you may be sur¬ 
prised by the things you find when you open 
an outlet in your house for any one of the jobs 
described on the following pages. The dia¬ 
grams on those pages show typical electrical 
circuits, switches, fixtures and receptacles the 
way they should look if they have been in¬ 
stalled properly. But it is entirely possible that 
you may discover that a unit has wiring of the 
wrong color code or even wiring that has been 
improperly attached. 

Spotting a botched job 

Certain errors and omissions are frequent. 
Among those you should watch out for (and 
correct as soon as possible) are: 

■ Ground wires missing or left unconnected. 
Make certain that the ground wire from the 
cable is attached to the box. If the fixture has 
a ground terminal, be sure that a wire connects 
it both to the box and to the ground wire. 
Exception: Ground connections to the box are 
not necessary if the box is made of plastic 
rather than metal. 

■ Reversed connections. A receptacle, for ex¬ 
ample, may not have the black, or hot, wire at¬ 
tached to the brass-colored terminal, and the 
white wire may not be on the silver-colored 
terminal, as it is supposed to be. 

■ Switches connected to white wires. If this 
installation is an out-and-out mistake, rewire 
the switch—the code requires that neutral 
wires never be interrupted by a switch. But 
there are circuits in which a white wire is quite 
correctly used as a hot wire (pages 167-169), 
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and what seems like an error in installation 
may be nothing more than an electrician’s fail¬ 
ure to provide the black identifying coating of 
paint or tape at the end of the wire that such a 
connection requires. 

Even if the wiring you see looks correct, it is 
always best to be suspicious. Every wire should 
be considered to be potentially hot—and dan¬ 
gerous to touch—no matter what its color. 
Make certain you know what you are working 
with by testing all wiring with the methods 
outlined on pages 142-143. 

Tracing problems from the service panel 

Since a circuit must be deactivated before you 
work on it, it is convenient to know which cir¬ 
cuit breaker or fuse controls it: the alternative 
is to try each one in turn and scurry around the 
house to determine which devices no longer 
work. Generally, each circuit is labeled at its 
origin in the service panel by the electrician 
who installs it. If he did not do so, it is worth 
finding out which fuse or circuit breaker pro¬ 
tects what circuit, and labeling accordingly. 

The easiest way to trace circuits is to bor¬ 
row a child’s walkie-talkie—and the child. 
Stand at the service panel with one walkie- 
talkie, tripping each circuit breaker (or re¬ 
moving each fuse) in turn. Your assistant uses 
the other walkie-talkie to report the results 
from the rooms around the house, telling you 
which lamp or appliance goes dead. Remem¬ 
ber that at least two circuits generally serve 
each room, and a kitchen may have four or 
more. Test each room, receptacle by recepta¬ 
cle, fixture by fixture, to find which area is 
on which circuit. Write this information on 
adhesive labels, which then can be displayed 
prominently on the panel. 

Labeling circuits on the service panel makes 
it easier not only to isolate a problem but also 
to find its cause, especially if your panel uses 


circuit breakers instead of fuses. A blown 
fuse reveals by its appearance whether failure 
arose from an overload or a short circuit (page 
148); a circuit breaker will give you no such 
clues. But if your service panel has complete 
circuit information, some rough calculations 
can help you to diagnose the problem when a 
breaker trips. Just compare the capacity of the 
circuit—marked in amperes on the circuit 
breaker—with the total load on the circuit to 
see if it is overloaded. 

Totting up amperes 

To compute the load on a circuit, check every 
light bulb and appliance that draws current 
from that circuit and note the current con¬ 
sumption of each device in amperes. If the de¬ 
vice is marked in watts, divide the wattage 
by the voltage (120, unless marked otherwise); 
the resulting number indicates consumption 
in amperes. Add the amperage of all of the 
devices on the circuit in question; if it ex¬ 
ceeds the amperage of the fuse or the circuit 
breaker, your problem is probably an over¬ 
loaded circuit. Unplug enough appliances to 
reduce amperage consumption to a total below 
the rated capacity. 

If the circuit breaker still switches off—or if 
a fuse of the correct capacity still blows—sus¬ 
pect a short circuit. To trace its source you 
must first disconnect every fixture and appli¬ 
ance that draws current from the circuit and 
reset the circuit breaker—or install a new 
fuse. If it fails when no appliances are turned 
on, the short circuit is in the circuit breaker, in 
the wiring between the service panel and an 
outlet, or in something connected to an outlet. 
Check lamps, lighting fixtures, appliances, 
switches and receptacles; repair if necessary 
(page s 155-173). If none of these components 
are faulty, the trouble may lie in the service 
panel or house wiring; call an electrician. 
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AN ELECTRICAL TOOL KIT 

A handful of special tools is needed for electri¬ 
cal work. Although some—particularly the pliers 
— may resemble items found in an all-purpose tool 
kit, these tools are designed and shaped to ensure 
the safety, neatness and precision that electrical 
jobs require. An electrically heated soldering iron, 
for example, is used instead of the plumber s pro¬ 
pane torch because it delivers even, controlled 
heat that will not damage insulation. The solder it¬ 
self is a special compound. 

Safety is a major consideration in choosing the 
tools to buy. The voltage tester should be at the top 
of your priority list. A fuse puller is needed only if 
cartridge fuses are used in your house. 


FUSE PULLER 


SOLDERING IRON 


® | 


@ 
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Fuse puller 

This handy tool is used for removing and 
for replacing cartridge fuses (page 148] 
such as the main fuses often found in the 
service panels of older houses. The fuse 
puller is made entirely of fiber or some oth¬ 
er nonconducting material, without any 
metal parts, to protect you against shocks. 
Jaws at both ends accommodate cartridg¬ 
es of various diameters. 



Soldering gear 

A pencil-type soldering iron with an electri¬ 
cally heated tip is necessary for some con¬ 
nections, such as those involved in the 
repair of certain small appliances or in 
the emergency splicing of an extension 
cord (page 141) Be sure that you use elec¬ 
trical rosin-core solder, which provides a 
surface free of corrosion while you solder: 
the acid-core solder used in plumbing is 
unsuitable for electrical work because it 
causes corrosion that hampers the flow of 
current across the connection 


ELECTRICAL- 
WIRE SOLDER 



JUMPER WIRES 



Jumper wires 

Jumper wires consist of lengths of insular 
ed wire with alligator clips at both ends. 
These wires are attached to the probes of 
the voltage tester (right] for safe checking 
of some circuits. With the power off, the 
tester is clamped by jumper wires to the ap¬ 
propriate terminals; the power can then be 
turned on and the circuit checked without 
touching the tester (page 262] 




























Continuity tester 

A break in a wire (in an extension cord, for 
example) can be pinpointed with a continu¬ 
ity tester This device is connected by an al¬ 
ligator clip to one end of the cord and its 
probe is touched to the other end. If the 
cord is intact, electricity generated by a bat¬ 
tery in the tester handle will flow through the 
cord and turn on a small bulb in the tester. 
If the bulb fails to light up, there is a break in 
the circuit. The continuity tester may be 
used in a similar manner to locate loose 
connections in an appliance circuit. 


CONTINUITY 

TESTER 



Insulating materials 

A roll of plastic electrical tape and some 
wire caps are the only insulating materials 
you are likely to need in house wiring. Use 
a strong, self-adhesive tape to cover ex¬ 
posed splices and to reinforce wire con¬ 
nections. Wire caps in assorted sizes will 
enable you to connect two or more wires 
together without solder (page 140]. 


ELECTRICAL 
TAPE 



WIRE CAPS- 

Wire stripper and crimper 

This tool will strip insulation from wires 
quickly and without damaging the wires. Its 
graduated stripping holes accommodate 
standard wire sizes. The tool s overlap¬ 
ping jaws attach solderless connectors, 
frequently used in small appliances (page 
187], to wires by crimping them on. 


WIRE STRIPPER 
ANDCRIMPER 


NEEDLE-NOSE 

PLIERS 



Voltage tester 

The inexpensive, yet indispensable, voltage 
tester reveals whether electricity is flowing 
between two points of a circuit: a built-in 
neon lamp glows when the tester prods are 
touched to those two points. Most testers 
are designed to function in the 90- to 500- 
volt range: special models are available for 
the checking of low-voltage devices such 
as doorbells and chimes. 




Pliers 

Needle-nose pliers twist wire around a ter¬ 
minal screw (page 140] and do other jobs 
in cramped places. Lineman's pliers are a 
stronger too! for making splices and bend¬ 
ing heavy-gauge wire. Both have blades for 
cutting wire and waffle-like surfaces on 
their jaws to keep wires from slipping. 
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WIRE TO FIT THE JOB 

Among the wires carrying electricity through your 
home, there are three essentia! differences: where 
they are used, the way they are sheathed and 
the diameter of the metal that conducts current. 
Sheathing varies with the ruggedness needed. 
The size of wire varies with the amount of current 
that must be carried. These variations, plus the job 


to be done, distinguish two common classes of 
wiring materials: cords and cables. 

Cords, which connect lamps and appliances to 
wall outlets, are flexible and most are made for light 
duty. Cables, usually running inside walls to bring 
current to outlets and built-in lighting fixtures, are 
difficult to replace and carry large currents; they 
are heavily sheathed and relatively large in diam¬ 
eter. (A third type, the conduit (opposite), is used 
for some special purposes.] 



Wires for house cables 

Wire diameter, shown here actual size, is 
indicated by gauge number- the larger the 
number, the smaller the wire The smallest 
wire in house cable is No. 14, used to con¬ 
nect a circuit of built-in lighting fixtures or 
wall outlets. For heavier duty, as in kitchen 
and laundry, No. 12, No. 10 or No 8 is in¬ 
stalled These wires are single, solid con¬ 
ductors. The larger, twisted wires are used * 
chiefly at the service entrance 


Types of cord 


t 


LAMP CORD 



For flexibility, each of the two wires is made of 
fine strands covered with plastic insulation 
Polarized lamp cord, a special type, is used 
where the hot and neutral wires must be kept 
straight (page 154]; one of its two conduc¬ 
tors is keyed as hot-either consisting of 
brass instead of silver wire or including a 
molded ridge on its plastic insulation 


HEATER CORD 



BRAIDED FABRIC 



PLASTIC 



Heater cord, used on such appliances as 
irons and toasters, has its wires protected 
both from electrically produced heat and 
from burns by contact with the appliance. 
The two stranded wires are wrapped with 
thread, the rubber insulation is covered 
with asbestos, and the whole is then bound 
by braided fabric. 


Heavy-duty cords for power tools and out¬ 
door equipment have a tough shield, usu¬ 
ally plastic. Within are two or, more often, 
three wires. In a three-wire cord, the two in¬ 
sulated in white and black are the same as 
those in other cords. The green third wire 
is grounded to prevent shocks Paper- 
wrapped glass fibers separate the wires. 
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Types of cable 


ARMORED CABLE 



NON METALLIC SHEATHED CABLE 


In armored cable, two insulated wires are 
covered with paper and encased in spirally 
wound, interlocking steel that while permit¬ 
ting the cable to flex provides strength and 
protection. This cable, usually known by 
one of its brand names, BX, is the type you 
are likely to find in an older house; it is still 
required in some cities. The wires are insu¬ 
lated with plastic and are colored black and 
white for identification so they can be con¬ 
nected to the proper terminals. A bare wire 
grounds the circuit, although older cable 
may lack this ground. The sheathing of ar¬ 
mored cable must be cut with a hacksaw. 



Nonmetallic sheathed cable, less expen¬ 
sive and easier to install than the armored 
type, is the kind now most widely em ployed 
in homes. The insulated black and white 
wires, along with a bare ground wire, are 
sheathed in plastic, as shown, or in a fabric 
braid A toug her type without the paper lay¬ 
er is used outdoors where wire must be 
buried in the ground and in other damp or 
corrosive locations. 




RIGID CONDUIT 


( 


CONDUIT 


FLEXIBLE CONDUIT 


COUPLING 





FLEXIBLE 
ATTACHMENT 


RIGID CONDUIT 
THREADED COUPLING 


THIN-WALL CONDUIT 



COMPRESSION COUPLING 


Conduit; Wires in a Pipe 

Not all the pipes in your cellar necessarily car¬ 
ry water. Some may hold electrical wires. 
This pipe, called conduit, is used where wires 
need extra protection against moisture and 
physical damage—at the service entrance, 
outdoors and in the basement or utility room. 
It is versatile because the piping is installed 
empty; the wires, as many as needed within 
the limits of the conduit size, are threaded 
through later and are easily replaced. 

Rigid conduit [top] needs threaded cou¬ 
plings for straight connections and elbows 
for corners, but can be joined to a flexible at¬ 
tachment (center) at terminal points. The 
thin-walled type [bottom) is joined by com¬ 
pression fittings and can be bent like the tub¬ 
ing used for plumbing. 
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MAKING CONNECTIONS 

Almost every home-wiring job, from the making of 
an extension cord (pages 152-153] to the replace¬ 
ment of a lighting fixture (pages 156-157), involves 
such basic steps as stripping insulation, connect 
ing wires together and attaching wires to termi¬ 
nals Except for splicing, the techniques are the 


same for the heavy wire of cables that supply re¬ 
ceptacles, switches and fixtures, and for the light¬ 
weight wires used in lamp and extension cords. 

The solid supply wire is easily spliced with wire 
caps [below], but the connection is always made 
inside a junction box equipped with clamps to pre¬ 
vent tension on the splice. Flexible cord is not meant 
to be spliced —it pulls apart too easily; the tech¬ 
nique opposite is for emergencies only. 



WIRE STRIPPERS 


Stripping insulation 

A stripping tool with a series of holes to fit 
various wire sizes snips through insulation 
withoutcuttmg themetal wire, then pulls in¬ 
sulation off (above) If you use a knife, cut 
at an angle [belowj to avoid nicking the 
wire Remove about an inch of insulation 




NEEDLE-NOSE PLIERS 


Fitting wire to a terminal 

Bend a small hook at the end of the wire 
with needle-nose pliers (above). Attach the 
hook to the terminal so that the hook will 
tend to close in the clockwise direction in 
which you tighten the screw [belowJ. 



1 



2 


PIGTAIL 



1 Starting a solid-wire splice 

Strip about three quarters of an inch of in 
sulation from the end of two solid wires. To 
ensure good electrical contact, scrape the 
bare wires lig htly with the back of a knife un¬ 
til they are shiny. Set the wires side by side 
and cross the bare ends 

2 Making a pigtail 

Holding the insulated part of the wires in 
one hand, grasp the bare ends with pliers 
and twist them together two or three turns 

3 Attaching a wire cap 

Slip the cap over the end of the pigtail and 
twist it [top] until it covers the bare wires com¬ 
pletely. When the cap is fully twisted on, its 
springlike metal threading will bind the wire 
ends securely [cutaway, at bottom), while 
the plastic cover insulates them. 
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Lamp-Cord Splices—Inadvisable but Sometimes Necessary 


The National Electrical Code prohibits splices in 
all flexible cord, such as lamp and tool cord. The 
reason for the ban is simple: even the best of 
splices —and amateur splices are often far from 
the best—weakens the wire and increases the 
danger of a short circuit that could start a fire. Yet 
home electricians go on splicing, arguing that 
emergencies do arise in which a damaged cord 
for a lamp or radio has to be spliced because no 
replacement cord is available and the device 


must be pressed into service immediately. If you 
must make such an emergency splice, do it right. 

The strongest splice for stranded wire is the 
Western Union splice, so named because it was 
apparently developed a century ago by tele¬ 
graph linemen. With the wires correctly twisted, 
soldered and taped, your splice will last un¬ 
til the emergency is over. Then you can repair 
the damage the right way-with a continuous re¬ 
placement cord. 



1 Preparing the lamp cord 

Separate both ends of the cords to be 
spliced, then cut the cords in the staggered 
pattern shown at left, so that the completed 
splices will not lie next to each other. Strip 
two inches of insulation from the ends of 
the wires. Then scrape the stripped wires 
with the back of a knife, and twist the end of 
each wire into a tight string. 



2 Fastening the splices 

Form a bend in the middle of each bare end 
of wire and link each pair of epds together 
as shown in the upper part of the drawing; 
twist the remainder of the ends tightly 
around the opposite wires. 


3 Soldering the splices 

For a good electrical contact and a strong 
coupling, solder both splices. Hold a hot 
soldering iron to the splices— not to the sol¬ 
der-until the wires are hot enough to melt 
the solder, then let the solder flow along 
and into each splice. Important: Use rosin- 
core solder for this job. 


4 Taping the completed splices 

When the wires and solder have cooled, 
wrap each splice separately with a layer of 
electrical tape, covering about an inch of in¬ 
sulation at each end. Finally, tape both 
wires together with a second layer of tape. 


141 





















































STRAIGHTFORWARD RULES 
FOR ELECTRICAL SAFETY 

Using electricity and working on electrical wiring 
or appliances can be-and should be safe. Yet 
several hundred people are killed each year in 
household electrical accidents. And many fires are 
blamed on faulty electrical devices of one kind or 
another. These tragedies are unnecessary, for a 
few common-sense rules and simple tests afford 
good protection. 

Electricity can cause a fire when its normal pas¬ 
sage is inadvertently impeded-by a break in a wire 
or a faulty connection—so that it generates intense 
heat It can cause a shock* only when it is permit¬ 
ted to flow from a supply wire, which in a house cir¬ 
cuit carries 120 or 240 volts, to a neutral wire or to 
ground (pages 144-145), where there is no vol¬ 
tage. This difference in voltage is what gives a jolt 
to anyone who touches the voltage-carrying wire 
and at the same time touches the neutral wire or 
any object, such as a cold-water pipe, that allows 
electricity to flow into the earth, he makes himself, 
literally, a part of the electrical circuit. Current pass¬ 
es through his body, whose moist internal tissues 
are good electrical conductors, just as it would 
flow through a copper wire. 

It is, obviously, impossible to get a shock if no elec¬ 
tricity is present You can make electrical repairs 
in safety if you follow the cardinal rule for electrical 
work of any kind: make absolutely sure that the ap¬ 
pliance or section of house wiring you are work¬ 
ing on contains no current. To ensure that the 
completed job introduces no shock or fire haz¬ 
ards, follow established procedures to the letter: 

■ When working on your house wiring, turn off 
current to the circuit by pulling the fuse or tripping 
the circuit breaker Use the test on the opposite 
page to be sure you have turned off the circuit con¬ 
taining the receptacle, switch or light fixture you in¬ 
tend to replace. 

■ Use a fuse puller (page 136) to remove cartridge 
fuses. Use only one hand to remove screw-in fus¬ 
es, and touch only the knurled glass rim of the 
fuse. Do not touch anything with your other hand. 


■ Use the techniques that are described on page 
140 when fastening wires together with wire nuts 
and when connecting wires to terminals. 

■ Check your work. With the power on, connect 
the voltage tester to the voltage-supply wire, which 
is black, and the ground, then connect it to the vol¬ 
tage-supply wire and the neutral wire, which is 
white-the tester should light in both cases. Con¬ 
nect the tester to the neutral wire and the ground 
—it should not light. Test a receptacle after com¬ 
pletely installing it (opposite). The connections 
of voltage-carrying, neutral and ground wires in 
switches and light fixtures are tested similarly, but 
with the box open. Turn on the power for the tests; 
turn it off before mounting the switch or fixture. 

■ Always unplug an appliance before working on 
it. If you must plug in the appliance to test it, un¬ 
plug it again before proceeding with the repair or 
reassembling the appliance. 

A shock can occur during the use of an electric 
appliance whose exterior metal parts have acci¬ 
dentally become electrically charged. A few mod¬ 
ern appliances, mainly power tools, are double 
insulated (page 32) to prevent such accidents. 
In other appliances, a ground wire runs through 
the cord that is connected to the housing. When 
it is grounded through the house wiring (page 
144), this ground wire carries away electricity 
that reaches the appliance housing-and blows 
the circuit fuse. To guard against shock when us¬ 
ing appliances: 

■ Use the tests on the opposite page to make sure 
the receptacles in your home are grounded and 
safe to plug appliances into. 

■ Ground every appliance that has a ground wire, 
using either a three-slot receptacle or a grounding 
adapter (page 173). 

■ When using an appliance, be sure your hands 
are dry. [Dry skin resists electricity 500 times bet¬ 
ter than damp skin.] Do not use an electrical de¬ 
vice while touching a good ground: a water faucet 
or a pipe; the water in a tub, sink or toilet; a wall- 
switch or receptacle cover plate; a radiator or 
storm drain; another grounded appliance. 

■ Periodically examine your appliances for worn 
parts. Replace any frayed cords or broken plugs 
(pages 186-187) promptly. 
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1 Testing for uoltage in a receptacle 

These tests show if a receptacle is correctly 
connected. First, insert leads of a voltage 
tester into the rectangular slots. If current is 
on, the neon bulb will glow 

2 Testing the ground slot 

Connect one tester probe to the arched 
ground slot and the other to each rectan¬ 
gular slot in turn. When the probe is in one 
of the rectangular slots [the smaller of the 
two in modern receptacles), the tester 
glows if the receptacle is grounded. 

3 Checking the cover plate’s ground 

Connect the voltage tester between the 
cover-plate screw and the voltage-carrying 
rectangular slot found in step 2. If the plate 
is properly grounded, the tester will glow. 


Making sure the current is off 

Use the voltage tester to make sure the 
electricity to a circuit has been turned off 
before you work on it. If you are working 
on a receptacle [below], take off the cover 
plate and touch the voltage-tester probes to 
the brass-colored and silver-colored termi¬ 
nals; on a switch [page 164], touch the two 
brass terminals; on a light fixture, lower 
the canopy [page 156] and touch the test¬ 
er probes to the fixture’s voltage-carrying 
(black) and neutral (white) wires. In all 
cases the tester will not glow if the current 
is off. If it does glow, you have disconnect¬ 
ed the wrong fuse or circuit breaker. When 
you finish replacing the device, follow the 
procedure illustrated at left to be sure you 
have hooked up all wires correctly. 
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How Grounding Protects You and Your Home 


By the end of the 18th Century, several experi¬ 
menters had been accidentally electrocuted in 
trying to duplicate Ben Franklin's famous kite ex¬ 
periment, and scientists were well aware of the 
dangers of electricity. An accumulation of charge 
could cause a shock, or create a spark or heat to 
start a fire. But these hazards endangered few 
people until electric lighting and appliances put 
the problem into almost every home. 

Among the kinds of protection now employed, 
one method-applied to doorbells, for instance- 
is to use only low voltages so that sparks and 
shocks are insignificant. Another approach is to 
insulate every part of a wiring system or appliance 
so thoroughly that sparks are contained and it is 
virtually impossible to touch anything carrying an 
electrical charge. Some new power tools [page 32) 
are built on this principle. 

A third possibility, and the one most widely 
practiced, is to ground everything that could con¬ 
ceivably leak any electricity. Grounding prevents 
charge accumulations by connecting exposed 
parts directly to earth. Any charge that builds up 
flows to the ground; if hazardous, it blows a fuse 
or trips a circuit breaker, turning off current. 

From accidental grounds to grounding systems 

Provisions for grounding have grown elaborate 
over the years. The men who first formulated the 
National Electrical Code in the early 1890s had 
neither the knowledge to write recommenda¬ 
tions for adequate grounding nor the materials 
with which to achieve it: no wiring was ever 
grounded except by accident. The first ground¬ 
ing that was by design appeared in 1899 with ar¬ 
mored cable [page 139), which houses the “hot" 
and neutral wires inside a steel sheath. With this 


cable, grounding was (and in old houses still is) 
accomplished by using the metal sheath as a 
conductor. One end of the sheath was firmly at¬ 
tached to the metal outlet box, the other to an es¬ 
tablished ground connection at the service panel. 

The flaw in this scheme was its dependence on 
the metal armor as an electrical conductor. If the 
contact between the armor and the metal box 
was poor, or if it deteriorated, the intended link to 
ground was interrupted. In newer cable, whether 
sheathed in metal armor or in plastic, a separate 
uninsulated ground wire, alongside the hot and 
neutral wires, was connected to every box in the 
house [middle drawing, opposite). 

Connecting the third wire to each box only half 
solved the grounding problem, however. It did 
ground the box but it did not ground appliances 
plugged into a receptacle. The next step in electri¬ 
cal safety was the grounding of heavy-duty ma¬ 
chinery by switching to a three-prong plug on ma- 
jorappliancesandon most powertools. The third 
prong (the rounded one) is connected by a sepa¬ 
rate wire in the cord to the metal housing of the 
machine. When the plug is put into a receptacle, 
that prong fits a slot connected to ground. 

The introduction of the three-prong plug focused 
attention on a weakness in the electrical defens¬ 
ive system. Although boxes were securely ground¬ 
ed, the devices in the boxes sometimes were not. 
A switch, and more important a receptacle, still 
was connected to ground not by wires but by 
metal-to-metal contact with the box through mount¬ 
ing screws. If a sloppy paint job destroyed this 
contact the receptacle would be ungrounded, as 
would any appliances with three-prong plugs, 
which depend on the receptacle for grounding. 
This defect was remedied in 1974, when the 
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Old-style grounding 

Although special ground wires are lack¬ 
ing, this receptacle is grounded. Metal 
fasteners connect it to the metal box, 
which is in contact with the metal armor 
of the cable. The armor is connected to 
ground at the service panel. 


An improvement 

Two wires ground this receptacle. One 
wire attached to the box is connected by 
a wire cap to ground wires in both cables 
entering the box. The receptacle still de¬ 
pends for its ground on screws and tabs 
fastening it to the box 


Modern grounding 

To eliminate the danger of a faulty con¬ 
tact between the receptacle and the 
box, a short wire is connected from a 
special terminal at the receptacle base 
to the box ground wire and then to both 
of the cable ground wires. 


Code recommended that a second short length of 
wire be run from the wire cap directly to a special 
grounding connection on receptacles, switches 
and some lighting fixtures [drawing at right, 
above]. The devices illustrated in this book include 
the extra connection, and such devices are recom¬ 
mended; however, devices without these connec¬ 
tions are still widely available. 

The latest development in shock prevention is 
the ground-fault circuit interrupter [GFCI), a device 
that detects the flow of minute currents to ground. It 
turns off the circuit so fast that a hazardous current 
never develops. Also, it does not require a sepa¬ 
rate, third, ground wire. Thus it can be used to 
improve safety in old houses where no reliable 
ground is available in many boxes [page 173]. 

Such interlocking protective systems would 
eliminate almost all electrical hazards if electrical 


codes were rig idly followed. Often, however, boxes 
and their receptacles are not grounded. Connec¬ 
tions may have deteriorated. New wiring using ca¬ 
ble with a built-in grounding wire, especially if it is 
an extension of an older system that lacks this extra 
wire, might not be grounded Electricians have 
been known to save time by not installing ground 
connections, so that even the wiring of a new house 
could be inadequately grounded 
The only way to be sure your system is complete¬ 
ly protected is to check outlets with a voltage tester 
[page 143]. You can add ground wires to switches, 
receptacles and fixtures that have ground connec¬ 
tions, or you can improve the electrical contact be¬ 
tween boxes and the devices in them by cleaning 
the mounting tabs and screws. If, after such atten¬ 
tion, an outlet still is ungrounded, consider install¬ 
ing a GFCI, particularly in damp locations. 
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HOME CIRCUITS 

! A modern home depends on electricity for light, 
heat (with almost any heating system) and the 
power to run dozens of appliances. This electric¬ 
ity is distributed throughout the house by a num¬ 
ber of separate circuits—independent stretches 
of wiring that run inside the walls and ceilings. 

A generation ago a typical home might get 
by with four 120-volt circuits and a total of 60 
amperes’ service for the house. Today, in an 
age of enormously increased electrical consump¬ 


tion, a home may need from 150 to 300 amperes, 
both 120 and 240 volts, and as many as three 
dozen circuits. 

To supply these circuits, electricity from a utility 
company’s wires passes through a meter and a 
service panel (below, left), which divides the pow¬ 
er among the separate circuits. The floor plan op¬ 
posite shows how 18 circuits might serve a com¬ 
pact, two-story home; the plan indicates circuit 
arrangement, not the actual location of wires or 
outlets. The color code (bottom, far right) identi¬ 
fies the voltage and amperage, which together 
determine the power capacity of each circuit. 




I 



Bringing electricity into the house 

Three power lines bring electricity to the 
house wall The lines are secured to the wall 
by insulators, from which sag drip loops 
that keep rain dripping outside along the 
lines rather than running into the entrance. 
From the entrance head the lines run 
through a metal pipe, or conduit, to a meter 
that measures power consumption [pages 
150-151] Beyond the meter lies a service 
panel, where connections to the house cir¬ 
cuits [opposite] are made, circuits are 
wired for either 120 or 240 volts Each cir¬ 
cuit is protected by its own fuse or circuit 
breaker [pages 148-149]. 


ELECTRIC METER 





Distributing electricity in the house 

The house sketched here contains 18 elec¬ 
trical circuits to serve all of the lighting 
fixtures, wall receptacles and major appli¬ 
ances. Relatively low-capacity—120-volt, 
15-ampere-circuits [orange] will suffice 
for most of the lamps, TV sets and small ap¬ 
pliances used in the family room, living 
room, bedrooms and bathrooms. Outlets in 
any one room are divided between two cir¬ 
cuits, so that if one fails, power will still 



be available. No more than eight outlets are 
installed on any one circuit to reduce the 
chance of overloading Heavier-capacity— 
120-volt, 20-ampere-circuits [purple] will 
serve kitchen, workshop, storage room and 
dining room for such appliances as refrigera¬ 
tor, toaster and power tools. For each appli¬ 
ance that uses large amounts of power, such 
as a clothes drier or electric .range, there 
is a separate 240-volt circuit of either 30- 
ampere [lightblue] or 50-ampere [dark blue] 
current capacity 
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HOME CIRCUITS continued 


Circuit Protectors 

To protect you against fire or shock, 
every circuit in your house includes 
one or the other of two types of safe¬ 
ty device: a fuse or a circuit breaker. 
They operate differently but serve 
the same purpose—to shut off elec¬ 
tricity when the circuit carries more 
current than it is intended to. 

Fuses (belowj destroy themselves 
—“blow"—to interrupt circuits when 
excess current flows, and must be re¬ 


placed before current can flow again. 
Many modern circuits are protected 
by circuit breakers (opposite), which 
function as switches with contacts 
that automatically snap open when 
current exceeds their ratings; after 
danger has passed, the circuit break¬ 
er can be reset manually. 

The excess current that makes fus¬ 
es blow and circuit breakers open 
can arise in two ways. An overload 
—usually the result of plugging too 
many appliances into a single circuit 
—draws so much electricity that re¬ 


sistance in the wire could produce 
enough heat to start a fire. A short cir¬ 
cuit—perhaps caused by worn insu¬ 
lation that lets bare wires touch each 
other or the grounded frame of an ap¬ 
pliance—introduces the danger of 
shock and produces a heavy, heat¬ 
generating surge of current. 

Though circuit protectors will pro¬ 
tect you from these consequences, 
they cannot cure an overload or a 
short circuit. Before replacing a fuse 
or resetting a circuit breaker, find the 
cause of trouble and correct it. 



A fuse for euery circuit 

Fuses are marked with the maximum in 
amperes ("AMP'' or A") they permit. All 
have metal strips that melt when heated by 
excess current. The plug type is the most 
familiar A time-delay fuse has a spring to 
support the strip and keep it from breaking 
if softened by a brief surge (such as an ap¬ 
pliance carries on starting): only if the ex¬ 
cess lasts will the strip melt to blow the fuse 
S-type fuses have ring adapters —in differ¬ 
ent threads for different capacities-to pre¬ 
vent use of a fuse of the wrong rating 
Cartridge fuses-capped for currents up to 
60 amperes, knife-edged for 60 or higher 
- protect an electric range and link circuits 
to the main power line. 





The telltale face of a fuse 


A glance at a plug fuse tells the condition of 
the circuit it protects. If the metal strip is in¬ 
tact (above, left), both fuse and circuit are 
in good order In a blown fuse, a cleanly 
parted strip (center) indicates an overload: 
a discolored window (right), a short circuit 


A fuse panel 

The old-style service panel at left serves a 
relatively small home Its main switch, fitted 
with two cartridge fuses, monitors current 
in four appliance-and-light circuits, each 
protected by a plug fuse The similar range 
switch passes current directly to an electric 
range Pulling out the main and range 
switches takes their fuses out of their cir- | 
cuits, so that you can then handle these 
cartridge fuses safely with your fingers In 
replacing a plug fuse, stand on a dry sur¬ 
face and touch only the fuse rim. 
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The circuit breaker: on 

When a circuit breaker is in the on position, 
electricity will flow through it in the path 
illustrated at left [purple). Entering at the 
clip terminal, the current passes through 
the closed contacts and then continues 
through the yoke to the screw terminal. 
From there the current goes to the hot wire 
of one of the house circuits. 





The circuit breaker: tripped open 

An overload causes the normally straight 
bimetallic element to heat and bend [sim¬ 
plified drawing, above); this action forces 
the yoke down to release the trip lever and 
open the contacts. 

Since heating of the bimetallic element is a 
relatively slow process, a quicker method 
is employed to release the trip lever when 
the problem is not the slight excess of an 
overload but the heavy surge of a short cir¬ 
cuit. Its very large current creates a strong 
magnetic force in the magnetic plate, pull¬ 
ing the release bar itself down to let the trip 
lever open the contacts almost instantly. 


MAIN CIRCUIT BREAKER 


240-VOLT CIRCUIT BREAKERS 


120-VOLT CIRCUIT BREAKERS 


A circuit-breaker panel 

The service panel at left, designed for the 
house circuit plan on page 147, contains 
16 circuit breakers in three distinct sizes 
and capacities. A large breaker at the top 
of the panel controls all current entering the 
house. Four middle-sized breakers protect 
the 240-volt circuits for the range, clothes 
drier, central air conditioner and water 
heater. The remaining 11 breakers are 
wired into 120-voltcircuitsfortherestof the 
house. Each breaker, large and small, is la¬ 
beled to identify its circuit. At the bottom of 
the panel, three empty breaker positions 
provide for new circuits. 
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ELECTRIC METERS AND BILLS 

Wise consumers regularly check their electric me¬ 
ters and bills to catch errors made by the meter 
reader or by the company in computing charges. 
The meters used in the United States and Canada 
(below) measure the consumption of electricity in 
kilowatt-hours, or kwh (a single kwh represents 


the consumption of 1,000 watts for one hour). In¬ 
side each meter, a small electric motor, its speed 
determined by the flow of electricity into the house, 
drives a disc whose edge is visible at the meter 
face. The disc and its shaft, floating in air on a mag¬ 
netic suspension system to reduce drag, drive a 
train of gears that advance number wheels or dial 
pointers Periodic readings of the numbers are 
used to draw up your bill (opposite). 



Pointer-type electric meters 

The common pointer-type electric meter 
(below) looks somewhat like a set of one- 
handed clocks, with alternate hands turn¬ 
ing clockwise and counterclockwise (The 
method for reading the meter is described 
on the opposite page.) The cryptic figures 
below the dials tell the following story 
CL200-the meter will measure current up 
to 200 amperes, 240V-the meter is de¬ 
signed for a 240-volt power supply; 3W 
- three wires are used to conduct electric¬ 
ity to the meter, FM25-the manufactur¬ 
er's code for the meters internal wiring 
scheme; TA30-the meter's accuracy was 
I checked under a 30-ampere current 


Cyclometer-type electric meters 

The easiest electric meter to read is the 
cyclometer type (above), which displays 
a kwh count on number wheels like those 
of an automobile odometer The numbers 
are read directly across the face, giving a 
cumulative consumption figure, which is 
converted into monthly consumption as 
shown opposite A relatively modern de¬ 
sign, this meter is more expensive than the 
pointer type (right) and less widely used 
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Reading a pointer-type meter 

Since all electric meters indicate a cumu¬ 
lative kwh figure, it takes two separate read¬ 
ings to calculate the consumption over a 
given period of time. Both readings, usual¬ 
ly made one or two months apart, will ap¬ 
pear on your electric bill. The top meter 
face at left, recorded as the March 12 read¬ 
ing on the bill shown below, is read from 
left to right in the following way. The first 
pointer (turning clockwise) reads 1, the 
second (counterclockwise) reads 7, and 
so on, for a complete reading of 17620. 
When checked on April 12, the meter had 
advanced to the bottom reading, 18380. 


Unscrambling an electric bill 

Though their formats differ, most electric 
bills show the same basic information. On 
a typical bill this includes, starting at top 
left, an account number and the dates of 
the period covered by the bill. On the line 
below are the rate class for the kind of 
service supplied, two meter readings, the 
total kwh consumed (the difference between 
the two readings), and the amount of the 
bill. You can verify consumption figures by 


taking regular meter readings yourself; to 
check the dollar amount of the bill, multi¬ 
ply your consumption by the rates listed 
on a rate card, which is available at the 
power company office. 

The rate structure of most electric com¬ 
panies follow graduated scales in which 
cost per kwh decreases as usage increases. 
For the bill shown here, the following rates 
were in effect: the first 25 kwh cost $6.75, 
the next 75 kwh cost 11.4$ each ($8 55), 


the next 200 kwh cost 7.5$ each ($15.00) 
and the remaining 460 kwh cost 6.3$ each 
($28.98), for a total of $59.28. A supplemen¬ 
tal charge added to this basic amount is local 
tax—on this bill, $1.77. In addition, there 
may be a fuel adjustment, a charge or de- 
d uction that varies as the fuel costs paid by 
the power company fluctuate. In this exam¬ 
ple, fuel costs had gone up slightly during 
the month covered, and $2.10 was added to 
the bill. The grand total: $63.15, or just 
about 8.3$ per kwh. 


Keene Power Mail payment to 
Box 20 

Keene, Colorado 80000 


Account Number 


From 

To 

1 

1 

JANET HUBBARD 

41|1422|0Sfl5|0004|1 

3/12 

4/12 

1 

< 

72 ^ LARCH ROAD 

Rate Previous Reading Present Reading 

Kwh used 

Amount 

1 

KEENE 


1 17L20 

16360 

7b0 

ST!2fi 

1 

COLORADO fiOOOO 

PREVIOUS BALANCE 

1 

1 

1 

1 

| 



TAX 3.0* 

.I' ' 

l 

l! 77 

1 

1 



FUEL ADJUSTHENT 

1 

2] 10 

1 

1 






1 

l 

1 

1 

1 

l 

1 

l 

1 

1 

1 

1 

1 

| 

Account number 




1 

i 

| 

41|1422 

OSflS |0004| 1 

Next reading date 



Amountdue 

I 

Amountdue 


HAY 12 



L>3 ! 15 

_L 

L3 IS 



Keene Power 

Box 20 

Keene, Colorado 80000 


Keep this part 


Return this portion with your payment 


151 




































EXTENSION CORDS 

The methods for repairing or assembling an exten¬ 
sion cord involve basic wiring skills, which are also 
used, for example, in replacing broken plugs and 
repairing lamps [pages 154-155). But extension 
cords present certain special problems. A cord for 
an appliance that stays in one place should be cut 
to the exact length needed to reach the wall outlet; 


no loops should clutter the floor. Use lightweight 
two-channel cord and components [below and 
right) for most small nonheating appliances. 

However, for larger appliances such as air con¬ 
ditioners and power tools, use heavy-duty three- 
channel extension cord [opposite, bottom). The 
size of wire required in a heavy-duty extension de¬ 
pends on its length and the current it must carry 
(see page 127 for a chart showing how to select 
the right-sized wire for your needs). 


✓SHELL 


PLUG BODY 


A two-wire, light-duty extension cord 

Make extension cords for lamps, radios and 
other small appliances of No. 16 two-channel 
cord, a two-terminal plug and a two-terminal 
connector To wire the connector [right), re¬ 
move the securing screw, separate the parts 
and loosen the terminal screws. Strip insula¬ 
tion from one half inch of cord, twist the bare 
wires and loop them around the terminals in 
the direction the screws tighten Tighten the 
terminal screws and reassemble the parts. 




1 Splitting the plug’s case 

Push the tip of a wide-bladed screwdriver 
into the joint between the outer shell of the 
plug and the body of the plug [above, left). 
Using a prying and twisting motion, gently 
force the shell away from the body of the plug 
far enough to free the retaining tab [above, 
right), which locks together the two parts of 
the plug Turn the plug upside down and re¬ 
peat the procedure to free the second tab 
Pull the body of the plug free of the shell 


2 Tying an Underwriters' knot 

Thread the cord into the shell of the plug 
and separate the channels for about two 
inches from the end. Strip approximately 
one half inch of insulation from each chan¬ 
nel, and tie the two channels in the Under¬ 
writers' knot (people often pull the cord in¬ 
stead of the plug, and this knot will take 
up the strain, preventing the wires from com¬ 
ing loose]. Pull the cord back until the knot 
lies snug in the shell. 


3 Connecting the wires 

Twist the stripped wire into tight strands and 
wind each strand around a terminal, clock¬ 
wise, so that the screws will draw the wires 
up securely when tightened. In the type of 
two-terminal plug shown here, a wire can be 
attached to either terminal, in a polarized 
plug, the coded wire should be attached to 
the brass terminal, the uncoded wire to the 
silver Tighten the screws and push the body 
of the plug back into the shell to lock the tabs. 
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Snap-on plugs and connectors 

Convenient and easily installed, snap-on 
plugs and connectors can be attached to 
lightweight cord with a minimum of tools. The 
cord should end in a clean cut, with no bare 
wire extending beyond the insulation. Lift the 
clamp at the top of the plug or connector, slip 
the cord into the slot on the side of the device 
as far as it will go and close the clamp firmly. 
Important: These are light-duty components. 
Do not use them with appliances that are fre¬ 
quently plugged in and unplugged. 
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REWIRING LAMPS 

You need never throw out a lamp that does not 
work, once you know how to fix it. Unplug the lamp 
and examine the plug and the cord; if either is 
broken or shows signs of wear, replace it. (Never 
splice a worn lamp cord: replace it completely, as 
shown below.] If both plug and cord are in good 


shape, move on to the socket. You may want to 
consider replacing a one-way socket with a three- 
way type, which offers several lighting levels. The 
wire connections to such a socket are identical 
with those of the one-way type. In either case, 
keep the hot and neutral sides of the wiring sepa¬ 
rate so that current is fed only to the small button 
at the bottom of the socket rather than to the more 
accessible shell, where it could cause a shock. 



LAMP BASE 


SOCKETCAP 


Rewiring a lamp 

To replace a lamp cord, take the outer shell 
and insulating sleeve oft the socket as de¬ 
scribed at right, disconnect the wires from 
the socket's terminals and pull out the sock¬ 
et At this point the lamp will resemble the 
drawing at left. Untie the Underwriters' knot 
at the end of the old cord, and pull the cord 
out through the bottom of the lamp. 

Work new polarized cord (page 138) up 
through the tube in the lamp base. Attach its 
keyed hot conductor-the one that is brass 
in color or has a prominent ridge running the 
length of its insulation-to the brass terminal 
of the socket. Attach the neutral conductor to 
the silver terminal. Reassemble the socket 
unit. Add a plug (page 152), taking care to 
attach the keyed hot conductor to the narrow 
blade of the plug 
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Replacing a lamp socket 

Disassemble a worn-out lamp socket by 
working from top to bottom. Push the tip 
of a screwdriver against the point marked 
"PRESS," and lift off the shell. Remove 
the insulating sleeve Loosen the terminal 
screws, and pull off the wires. Untie the Un¬ 
derwriters’ knot only if the cord must be re¬ 
placed, as shown opposite, or if a new 
socket cap is needed 

If the old socket cap is reusable, simply 
leave it in place and assemble the new 
socket in it. I nstall the new socket by revers¬ 
ing the disassembly procedure. 


INSULATING SLEEVE 



SWITCH 


How a three-way bulb works 

A three-way bulb provides a choice of three 
levels of illumination from two filaments. 
The bulb at top right is typical: one filament 
provides the light of a 50-watt bulb, a sec¬ 
ond filament that of a 100-watt bulb, and 
both filaments together that of a 150-watt 
bulb. The socket [center] contains con¬ 
tacts for two separate circuits. With the 
switch in its first on position, a circuit pass¬ 
es through the socket's screw shell, the 
bulb’s threaded base and the bulb's ring 
contact, thus lighting the 50-watt filament 
[bottom]. In the switch’s second position, 
the first circuit is disconnected while a sec¬ 
ond circuit passes through the screw shell 
and the bulb's tip contact to light the 100- 
watt filament. In the third position, both cir¬ 
cuits are used and both filaments light. 
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REPLACING LIGHT FIXTURES 

Although neither incandescent- nor fluorescent- 
light fixtures require repair very often, they some¬ 
times become so outmoded a replacement is 
necessary Whether a new light fixture is a matter 
of taste or necessity, the wiring is easy: in most 
cases, you simply connect the black wire to the 
brass-colored terminal on the fixture, and the white 
wire to the silver-colored terminal. The only slight 
difficulty you may encounter will be with the hard¬ 
ware for holding the fixtures in place. 

The size and weight of the fixture determine how 


it is installed. The smallest fixtures are screwed di¬ 
rectly to tabs of the metal box in the ceiling or wall 
[below, left)- Fixtures with mounting holes too far 
apart to fit the box tabs are attached with fixture 
straps [below, right). A heavy chandelier is at¬ 
tached to the house structure by an assemblage 
of oddly named pieces [right): threaded rods 
called a stud and a nipple, a connector called a 
hickey, and a fastener called a collar. 

When you replace an old fixture, turn off the 
power and remove the light bulbs. You will need 
two hands; have a helper hold the fixture while you 
work, or shape hooks from clothes hangers to 
suspend the fixture from the ceiling box. 



BOX 

SCREW TERMINALS 


MOUNTING SCREWS 


A tab-mounted fixture 

The simplest fixture to replace is one that is 
held up by mounting screws in the little tabs 
near the box corners Remove the screws, 
then disconnect the wires from the termi¬ 
nals of the old fixture and connect them to 
the new one- white wire to silver-colored 
terminal, black wire to brass-colored one. 
Be sure the ground wire remains firmly at¬ 
tached to a screw inside the box Finally, 
fold the wires neatly into the box and screw 
the new fixture to the box tabs. 


A strap-mounted fixture 

To remove a strap-mounted fixture, take 
out the two canopy screws and lower the 
canopy. Take off the wire nuts that connect 
house wiring with the fixture wires and set 
the fixture aside. Take out the strap screws 
and remove the fixture strap. To install this 
kind of fixture, screw the fixture strap to the 
box tabs, making sure the strap extends 
equally on both sides of the box. Use wire 
nuts to connect the fixture wires to the 
house wires- black to black, white to white 
- then screw the canopy to the strap 
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Long-Life Bulbs: A Bargain? 

Light bulbs that “last three times as long” are 
hard to resist. They do reduce the inconve¬ 
nience of changing burned-out bulbs. And 
though a long-life bulb costs slightly more, it 
may be less expensive in the long run than re¬ 
placing a regular bulb three times. There is 
a catch, however. 

A long-life bulb lasts longer than a regular 
bulb because its filament is designed to op¬ 
erate at a lower temperature. But lower tem¬ 
peratures also mean less light. Tripling the life 
of a bulb makes it 25 per cent dimmer than a 
regular bulb that uses the same amount of 
electricity. Put another way, to get the same 
amount of light you need a long-life bulb of 
higher wattage—which, of course, will mean 
a higher cost for electricity. 

So, are long-life bulbs worth the higher 
cost of the light they produce? You should 
decide according to your needs. If you want 
maximum illumination per dollar, regular 
bulbs are probably the better buy. On the oth¬ 
er hand, the less frequent need to replace 
hard-to-reach bulbs—particularly in hallways 
and stairwells-might well be worth the extra 
cost of long-life bulbs. 


A stud-mounted fixture 

Remove a chandelier by unscrewing the 
collar. Then lower the chandelier and can¬ 
opy, and disconnect the wires. To hang a 
chandelier, assemble nipple, hickey and 
stud so their combined length will allow the 
collar to hold the canopy to the ceiling. Do 
not attach the collar yet. Tighten the lock¬ 
nut on the nipple. Thread the chandelier 
wires through canopy, nipple and hickey 
bottom, and connect them to the house 
wires. Screw the collar onto the nipple to 
secure the canopy. 


A wall-mounted fixture 

To replace a wall-mounted fixture, unscrew 
the center nut from the nipple and then fol¬ 
low the wiring procedures described for 
other fixtures. When installing the new unit, 
adjust the nipple so the center nut holds the 
fixture snug against the wall. 


BOX 

TABS 
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REPLACING LIGHT FIXTURES continued 


Sauing Electricity 
with Fluorescents 

As far back as 1896, Thomas A. Edi¬ 
son built a primitive fluorescent-light 
fixture that worked, after a fashion; 
however, fluorescent light remained 
commercially impractical until it re¬ 
appeared in its modern form in 1938. 


By the early 1960s, it accounted for 
more than half the electric illumina¬ 
tion in the United States; in a recent 
year, America produced more than 
300 million fluorescent bulbs. 

This rise in popularity is due main¬ 
ly to fluorescent lighting’s economy. 
This type of bulb produces more than 
five times as much light per watt of 
power consumed as an incandes¬ 
cent. And although it costs more to 


buy, its longer life means it is a less 
expensive investment in the long 
run. Recent advances have made flu¬ 
orescent lights more versatile and at¬ 
tractive. The color of the light cast, 
once a cold blue-white, can today be 
almost any shade desired. Along with 
the familiar straight tubes, there are 
now also circular bulbs (page 162), 
U-shaped bulbs, and special plant¬ 
growing and germ-killing bulbs. 







Anatomy of a fluorescent tube 

A fluorescent light bulb is a glass tube 
capped by two bases, which are fitted with 
pins to carry electricity to internal compo¬ 
nents called cathodes. Inside the tube are 
minute droplets of mercury and an inert 
gas, usually argon or an argon-neon mix¬ 
ture. A fluorescent powder called a phos¬ 
phor, which emits light when exposed to 
ultraviolet rays, coats the inner surface 

Caution. Never dispose of a worn-out flu¬ 
orescent tube by breaking it up The mer¬ 
cury it contains is poisonous, and the glass 
can cause dangerous cuts. 


Why a fluorescent tube glows 

A fluorescent bulb produces light in a multi- 
step process (left), first producing invisible 
ultraviolet rays, then converting them to vis¬ 
ible light. When a voltage is imposed upon 
the cathodes, they emit electrons, ionizing 
-electrically charging—the gas inside the 
tube. The ionized gas is an electrical con¬ 
ductor, and a current called an arc begins 
to flow between the cathodes. The heat of 
this arc vaporizes the mercury droplets in 
the tube. Electrons in the arc strike the 
atoms of vaporized mercury, causing them 
to emit ultraviolet rays When the ultraviolet 
rays strike the atoms of the tube's phos¬ 
phor coating, the atoms emit visible light 
and the whole phosphor coating glows 
brightly and uniformly 
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The ballast and the starter 

In every fluorescent fixture, an essential 
component called a ballast regulates the 
flow of electricity to the tu be cathodes. The 
ballast is essentially a small transformer, no 
different in principle from the one that ad¬ 
justs the voltage entering your house [page 
125J. The ballast steps up voltage to start 
the lamps. It also contains components 
that interact magnetically with current flow 


to limit current to the cathodes to keep 
them from burning out prematurely. In old¬ 
er fixtures, ballasts lower the required start¬ 
ing voltage by preheating the cathodes with 
a small current channeled through a start¬ 
er [below]. New fixtures produce starting 
voltage without starters [page 161]. 

A ballast should last about 12 years. When 
replacing one, follow the wiring diagram 
pasted to the housing 
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1 How the starter works 

When a starter-equipped fluorescent fix¬ 
ture is switched on, its ballast supplies vol¬ 
tage to the starter, which contains a small 
neon bulb called a glow switch. This vol¬ 
tage is not enough to light the fluorescent 
tube, but forms an arc between contacts in 
the glow switch. 

2 The glow switch closes 

One of the glow-switch contacts is a bime¬ 
tallic strip that unbends in the heat of the 
arc, closing the switch. As current flows 
through the circuit, the neon bulb goes out 
and the bimetallic strip begins to cool; si¬ 
multaneously, the current begins to heat 
the fluorescent tube’s cathodes. 

3 The glow switch opens 

In a few seconds the bimetallic strip curls 
back and opens the glow switch —and the 
ballast voltage now establishes an arc be¬ 
tween the heated cathodes of the tube. 
From this point on, all the current flows 
through the tube; the starter and its glow 
switch are out of the circuit. 
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REPLACING LIGHT FIXTURES continued 


Three Fluorescent 
Starting Systems 

Early fluorescent lamps had one ma¬ 
jor disadvantage: the few seconds of 
darkness or flicker between the mo¬ 
ment you flicked the switch and the 
moment the light went on. Modern 
engineering has solved the problem. 
New ways of striking an arc in the flu¬ 
orescent tube are embodied in two 
starting systems that can set lamps 
aglow with little or no delay. 

Your own fluorescent fixtures may 
be the old-fashioned preheat type 
described on page 159 and shown 


below. With a pair of new lamp hold¬ 
ers, a new ballast and the appropriate 
tube, you can convert a preheat fix¬ 
ture to a newer system (opposite). 

Installing a completely new fluo¬ 
rescent fixture is even simpler. The 
new fixture will come with the ballast 
already mounted and correctly con¬ 
nected to the lamp holders: all you 
need do is turn off power to the old 
fixture, then disconnect it from the 
house wiring and hook up the new 
one. Important: Make sure that the 
fixture is well grounded. Fixtures of 
the rapid-start type (opposite, bot¬ 
tom) may malfunction if their tubes 
are more than one half inch from a 
grounded metal strip. 


A fluorescent fixture is generally 
built around a metal box that holds all 
the components. Screws secure the 
box to wall or ceiling; the shallow lid 
is the base for the ballast, lamp hold¬ 
ers and all the wiring. (Fixtures with 
more than one bulb are of similar de¬ 
sign, with additional wiring for the 
bulbs.) As in an incandescent-light 
fixture (pages 156-157), electrical 
connections are made between the 
fixture leads and the house wiring 
—black to black, white to white, and 
ground wire to a terminal on the fix¬ 
ture. The lid conceals the ballast 
and wiring. A fluorescent tube that 
matches the starting system and bal¬ 
last completes the installation. 




Starter-equipped preheat fluorescents 

In the preheat fluorescent starting system 
above, there is a special starter circuit to 
heat the tube cathodes and strike an arc 
(pages 158-159); such systems are easily 
identified by the aluminum starter protrud¬ 
ing from the fixture next to one of the lamp 


holdersf/e/tf A starter usually lasts up to 10 
years Replacing one that shows the signs 
of malfunction (chart, page 163) is as sim¬ 
ple as replacing a light bulb Remove the 
fluorescent tube, twist the starter counter¬ 
clockwise and pull it out of its socket. Insert 
a new starter into the socket, twist it clock¬ 
wise and replace the tube 
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GROUND WIRES 



Instant-start fluorescent lights 

An instant-starting system, generally iden¬ 
tified by a tube with only a single pin at each 
end, has no starter circuit to preheat the 
tube’s cathodes. When the light is turned 
on, a special ballast containing a trans- 
former bigger than other types provides a 
high voltage—as much as four times the 


bulb's operating voltage-across the cath¬ 
odes, immediately ionizing the gas in the 
tube. As the cathodes heat up and emit 
more electrons, the arc needs less voltage 
to sustain it. At this point the ballast reduc¬ 
es its output voltage to the normal operat¬ 
ing level. The high voltage used to strike the 
arc in an instant-start bulb can be danger¬ 
ous; most lamp-holder designs incorpo¬ 


rate a switch at the tube socket that cuts off 
all power to the ballast as the tube is re¬ 
moved, reducing the hazard of shock to 
anyone who is changing a tube Instant- 
start systems' create their high voltage by 
using bulkier, more expensive ballasts than 
other fluorescent starting systems; for this 
reason, they have been giving way to the 
rapid-start system described below. 



Rapid-start fluorescent lights 

As in a preheat system, a rapid-start tube 
has two pins at each end, and the tube’s 
cathodes are heated to strike an arc—but 
there is no starter circuit. Instead, the rapid- 
start ballast supplies a relatively low voltage 
directly to special, quick-heating cathodes. 


The tube lights up without the delay of a 
starter's glow-switch cycle (page 159); in 
fact, the starting time of a rapid-start light 
approximates that of an instant-start light. 
The only drawback of the system is its 
slightly greater consumption of power-so 
long as the light stays on, a small current 
from the ballast continues to heat the cath¬ 


odes. Offsetting the extra power used by 
these continuously heated cathodes is a 
slightly greater output of light than provid¬ 
ed by a tube of the same size in a preheat 
or an instant-start system. The combina¬ 
tion of quick starting, bright light and com¬ 
pact ballast has made the rapid-start type 
today’s most popular fluorescent light. 
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REPLACING LIGHT FIXTURES continued 


Circline Fixtures 

Imagine an ordinary fluorescent tube 
bent into a circle, with its ends touch¬ 
ing each other. What you are seeing 
in your mind's eye is the doughnut¬ 
shaped tube called a circline lamp, a 
useful light for special purposes. 

Circline tubes fit attractively into 
small spaces such as bathrooms and 
some kitchens, where a long straight 
fixture would look awkward; and the 
circular tube concentrates its light, 


making it ideal for small work areas 
that need high-intensity illumination. 
To gain these advantages, the tube 
and fixture have special features. 

A single plastic collar at the ends 
of the tube contains all of the four 
pins that normally protrude from the 
ends of a preheat or rapid-start tube 
(pages 160-161). This arrangement 
of pins makes the wiring of a circline 
fixture (below) somewhat different 
from that of an ordinary one, and 
calls for a special bulb-changing pro¬ 
cedure (opposite). 




GROUND WIRES 


A circline ceiling fixture 

A circline ballast is mounted inside a round 
metal canopy [Though a circline tube is 
designed for rapid-start ballasts, it can also 
be used in a preheat system.) Three wires 
lead from one end of the ballast to the tube 
socket. From the other end of the ballast, 
a black wire goes to the black house wire, 
while a white wire from the ballast and an¬ 
other from the socket go to the white house 
wire. The fixture is grounded by connecting 
a ground terminal on the canopy to the 
house ground wire in the ceiling box A cap 
screw holds the canopy in place 



TUBE SOCKET 


CAPSCREW 
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1 Installing a circline bulb 


2 Aligning the pins to the socket 


3 Clipping the tube in position 


To make it easier to insert the pins of a cir¬ 
cline tube into the socket of a fixture, the 
plastic collar on the tube rotates [arrow]. 
Caution: The collar is delicate and vulner¬ 
able. Turn it slowly and gently in order to 
avoid damaging the tube. 


Holding the tube in one hand, rotate the 
collar until the pins line up with the holes in 
the socket. Then, grasping the tube firmly 
in both hands with your thumbs on the col¬ 
lar, push the pins into the socket holes as 
far as they will go. 


Grasp the tube near the metal tube clips 
that are located on either side of the fix¬ 
ture. Push the clips slightly toward the cen¬ 
ter of the fixture with your middle fingers. 
Swing the tube upward into position until 
the clips snap onto it. 


Troubleshooting Fluorescent Lights 


Problem 

Possible Causes 

Solution 

Light fails to start 

Bulb burned out 

Bulb dirty 

Incorrect bulb for ballast 

Defective starter 

Broken lamp holder 

Fixture wired incorrectly 

Line voltage too low 

Air temperature below 50° 

Replace bulb 

Remove bulb and clean with damp 
sponge; dry tube before reinstalling it 

Check bailast label for correct bulb 

Replace starter 

Replace lamp holder 

Check wiring diagram on ballast 
label 

Call electrician or power company 

Warm the room; if necessary, install 
special low-temperature ballast 

Ends of bulb glow but 
center does not 

Defective starter 

Fixture wired incorrectly 

Fixture grounded inadequately 

Replace starter 

Rewire according to ballast wiring 
diagram 

Check ground wires on fixture 

Ends of bulb are black 

Bulb nearly burned out 

Replace bulb 

Bulb flickers or blinks 

Tube pins making poor contact 

Bulb nearly burned out 

Defective or incorrect starter 

Air temperature below 50° 

Tighten tube in lamp holder 

Replace bulb 

Replace starter 

Warm the room: if necessary, install 
special low-temperature ballast 

Fixture hums 

Ballast incorrectly installed 

Incorrect ballast 

Refer to ballast wiring diagram and 
check ballast mounting 

Replace with correct ballast for 
fixture 
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SWITCH INSTALLATIONS 

Everyone uses switches dozens of times each day 
to turn lights on and off, and they all seem much 
the same. Yet behind their look-alike cover plates, 
household wall switches conceal a wide variety of 
ingenious mechanisms. Some switches can grad¬ 
ually reduce the amount of current that flows 
through a circuit [pages 170-171); others delay 


breaking a circuit for several seconds after the 
switch is thrown, so that you can leave a garage or 
basement without plunging yourself into darkness 
[opposite, bottom). Some modern switches are 
amazingly durable-the silent mercury switch op¬ 
posite is guaranteed for 50 years; but all switches 
wear out eventually and you will sometimes find a 
different type of switch more desirable than an ex¬ 
isting one. Replacing them is a simple job, requir¬ 
ing no skill and only a screwdriver and pliers. 



A single-pole toggle switch 

The ubiquitous single-pole, on-off switch- 
the most common of all switches - generally 
has four baste working parts, a lever, a 
spring, a U-shaped metal yoke and a pair of 
brass-colored terminals With the switch off 
(above, left), the slightly compressed spring 
holds the yoke away from the terminal brack¬ 



ets. As the lever is raised to turn the switch on 
(large arrow, right), it compresses the spring 
and pushes it to the other side of the yoke, in 
turn the spring expands again to force the 
yoke upward into contact with the terminal 
brackets (small arrow), completing the cir¬ 
cuit When the switch is turned off again, the 
reverse spring action moves the yoke away 
from the terminals. 


1 A delayed-action toggle switch 

When a delayed-action switch is turned on. 
a foot on the switch lever depresses a V- 
shaped assembly As the assembly moves, 
one arm forces air out of a chamber at the 
bottom of the switch, while the other arm 
fits into a notch in the yoke. 

2 The delay 

When the switch is turned off, the arm in the 
notch continues to hold the yoke against 
the terminals-but the chamber gradually 
refills with air through a hole in its top 

3 Breaking the circuit 

In about 45 seconds, the expanding cham¬ 
ber will push the V assembly upward, forc¬ 
ing the arm out of the notch. The spring 
then snaps the yoke from the terminals, 
breaking the circuit. 
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A silent mercury switch 

A small drum partially filled with mercury, a 
good conductor of electricity, turns current 
on or off with no snapping action—or noise 
-in this switch [far left]. One side of the 
drum’s metal case makes contact with one 
switch terminal; a metal post, projecting 
into the drum but insulated from the case 
by a seal, makes contact with the other. 
When the switch is off [centerj, a noncon¬ 
ducting partition divides the mercury into 
two separate pools. One pool is in contact 
with a terminal through the drum case, and 
the second pool is in contact with the oth¬ 
er terminal through the post—but current 
cannot flowthrough the partition. 

Turning the switch on rotates the drum and 
moves a hole in the partition below the mer¬ 
cury level; now the two pools of mercury 
merge, creating an electrical path through 
the hole and completing the circuit. 



OFF POSITION 
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SWITCHES continued 


Replacing Switches 

When the flick of a switch fails to turn on 
a light, and both the lightbulband the 
fuse or circuit breaker are in order, the 
problem is usually a faulty switch. In¬ 
stalling a new one requires only a screw¬ 
driver and pliers. Before beginning work 


on any switch, turn off the power to the 
entire circuit at the service panel. Then 
remove the switch cover plate, take out 
the switch and study the connection 
carefully; you must hook up the new 
switch like the old one. There will cer¬ 
tainly be a black hot wire leading to 
the switch. But there will also be a white 
wire in the box, and there may be a bare 


wire, a green one, a red one and, some¬ 
times, a white wire tipped with black. 
The color arrangements indicate what 
lights the switch controls and how; and 
they should be your guide in connect¬ 
ing the new switch. 

Use the slots at the top and bottom of 
the switch to align it so that the cover 
plate returns to its original position. 


WHITE WIRES 

GROUND TERMINAL 
GROUND WIRES 


COVER PLATE 

COVER-PLATE SCREWS 


A switch power source 

In the most common wiring setup (below], 
you will find two black hot wires attached to 
the switch terminals, two white wires con¬ 
nected together, and on the newest switch¬ 
es, a separate ground connection. In this 
circuit, power passes through the switch 
box before reaching the light fixture. 



Installing a new switch 

When replacing any switch, turn off the pow¬ 
er at the service panel and remove the switch 
cover plate, then remove the attachment 
screws, pull the switch out and check with a 
voltage tester (page 137] to make sure the 
power is off Disconnect the wires from the 
old switch and connect them to the new one 
in exactly the same way, matching wire col¬ 
ors To replace a back-wired switch (inset], 
press the wire release, pull out the wires and 
push them into the new switch. Turn the pow¬ 
er on and check all of the connections with 
the voltage tester 
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RECODED WHITE 
HOTWIRE \ 


BLACK HOTWIRES 



The “switch loop” 

Some switches seem to be connected to 
one black wire and one white one, but if you 
look closely you will see that the white wire 
has been recoded black with paint or tape. 
This recoding enables both wires (white 
and black) in an ordinary cable to serve as 
hot wires. The two hot wires form a loop, 
connecting the switch to a power source 
located at the fixture. 


A switch in a combination circuit 

If you find a three-wire cable (white, black 
and red wires), you may have a three-way 
switch (pages 168-169] or the combina¬ 
tion circuit below, in which the wall switch 
controls one fixture but not the other, which 
operates independently. A red wire sup¬ 
plies power from the wall switch to the first 
fixture. The cable's second hot wire, iden¬ 
tified by the usual black insulation, carries 
power directly to the second fixture, which 
has a switch of its own. Be particularly care¬ 
ful, when replacing the relatively complex 
wiring of this switch, to bend the wires into 
an accordion fold behind the switch as you 
push it into the box. 


GROUND WIRES 












































































































































































































SWITCHES continued 


Three-Way Switches 

For reasons of safety or convenience 
you may have "three-way” switches 
that control a single light from two 
different locations—from the top and 
bottom of stairs, for example. The 
switches that do this job are distinc¬ 
tive, they do not contain markings for 


on and off, they contain three mam 
terminals rather than two, and they 
are always connected to a cable con¬ 
taining three insulated wires. The 
diagrams on this page show the prin¬ 
ciple by which either of two three- 
way switches can turn a light on or 
off. The ones on the opposite page 
show two common methods of wiring 
these switches—the method chosen 


depends on the home wiring layout. 
Different manufacturers locate the 
three switch terminals in different 
positions and use different color cod¬ 
ings. But—as on other types—there 
is always a copper-colored terminal 
for a black wire; the other termi¬ 
nals may be either brass- or silver- 
colored, and are easy to distinguish 
from the copper-colored one. 


UPPER 

TERMINALS 




LEVER UP LEVER UP 


LEVER UP LEVER DOWN 




1 Both switch levers up 

This and the following drawings show how 
a pair of three-way switches permit a flow 
of electricity (purple lines) or prevent the 
flow [gray lines), so that either switch can 
turn a light on or off. The lines in the dia¬ 
grams indicate paths of current, not wiring 
as shown at right 

Each switch lever moves a metal yoke 
When both levers are up, electricity passes 
across the yoke through the upper termi¬ 
nals of the first switch, then through an 
upper traveler' wire to the second switch, 
through its yoke and upper terminals, and 
thence to the bulb 

2 First lever up, second one down 

Pushing the second lever down swings its 
yoke down, breaking the connection be¬ 
tween its two upper terminals, and no cur¬ 
rent reaches the bulb 


3 Both levers down 

With both levers down, the yokes establish 
a circuit inside each switch between one of 
the upper terminals and a terminal on the 
lower part of each switch. The current en¬ 
ters the first switch, makes a zigzag down a 
leg of the yoke and across the yoke to the 
lower terminal The current then flows 
through the lower traveler wire to the sec¬ 
ond switch, follows a zigzag path through 
this switch and relights the bulb 

4 First lever down, second one up 

Flipping the second switch lever back up 
disconnects the yoke from the lower trav¬ 
eler terminal. Again, as in drawing 2, the 
circuit is interrupted at the second switch, 
and the current cannot reach the bulb. 
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Wiring a light between two switches 

In this basic wiring scheme, power is fed to 
the light fixture by a flexible cable contain¬ 
ing a neutral white wire, a hot black one and 
a bare ground wire. A cable containing a 
red wire —plus the white and black—con¬ 
nects the fixture to both switches. On each 
switch the black wire runs to the ‘'com¬ 
mon” copper-colored terminal, the white 
wire to one of two brass- or silver-colored 
traveler terminals, and the red to the other. 

The white wire functions as a current- 
carrying wire whenever it completes a cir¬ 
cuit; since white wires are not supposed to 
be hot, its ends are marked with black paint 
or tape to indicate that it sometimes dou¬ 
bles as a black hot wire. If you install or re¬ 
place switches according to this wiring 
scheme, follow the color code of the dia¬ 
gram in connecting wires. 


-TRAVELER TERMINALS 
- WHITE WIRE MARKED BLACK 
-COMMON TERMINAL 


Wiring a light beyond two switches 

In the wiring scheme at left, a cable with two 
insulated wires runs from the light fixture to 
the switch nearest the fixture. The cable 
with three insulated wires is required only 
between the two switches. The black wire 
of the first cable goes to the copper-colored 
terminal of the first switch; the white wire of 
this cable is coupled by a wire nut to the 
black wire of the second cable (and should 
be marked black at the tip). In all other re¬ 
spects, connect as shown above. 


"TRAVELER TERMINALS 
-WHITE WIRE MARKED BLACK 


"COMMON TERMINAL 


COMMON 

TERMINAL 
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SWITCHES continued 


Power-saving 
Dimmer Switches 

Dimmer switches are easy to install 
and enable you to adjust lighting to 
suit your mood. But older types wast¬ 
ed power at low settings because 
they contained what amounted to 
electrical heating elements—current 
not wanted for the lights was divert¬ 
ed and converted into heat New 
ones (below and opposite) interrupt 
current to dim lights—but so briefly 
that the interruption is not visible. 
They draw only as much power as is 
needed for the desired illumination. 

The high-low switch below, which 


provides for two illumination levels, 
uses a diode, an element that pass¬ 
es electricity in one direction only. 
Since alternating current regularly 
reverses its direction, completing a 
cycle 60 times a second, the diode 
can cut off power for half a cycle— 
1/120 second—reducing power con¬ 
sumption by 50 per cent and light 
output by 70 per cent. 

The dimmer opposite provides a 
continuously variable light level from 
full brightness to off. Its key compo¬ 
nent is a triac, a transistor-like device 
that turns current off whenever its di¬ 
rection changes—twice each cycle, 
or 120 times a second—but turns 
current on only when a specified vol¬ 
tage is reached. The time required to 


reach that voltage—and the duration 
of each on period—is adjusted by 
setting the rate at which the voltage 
builds up in an electricity-storing el¬ 
ement called a capacitor. Thus the 
power to the lamp can range from al¬ 
most zero to 100 per cent. 

Dimmer switches will fit standard 
boxes and, like other switches, they 
are connected to the black wire of 
household circuits (switch-wiring in¬ 
structions are on pages 166-167). 
But observe two cautions: the total 
wattage of lights controlled by a dim¬ 
mer must not exceed the switch rat¬ 
ing; and dimmers can be used only 
with incandescent lights—motor ap¬ 
pliances or fluorescents connected 
to them can be damaged. 



1 The high-low switch: off 

A high-low switch is off when the lever is 
centered Projections on the lever pivot bar 
then press both contact arms away from 
the contacts No current can flow and 
lamps connected to it remain off 


2 The high-low switch: high 

With the lever up. the pivot turns so that one 
projection holds onecontact open: the oth¬ 
er projection is out of the way. The contact 
arm directly connecting the terminals (pur¬ 
ple) can close, full current flows. 


3 The high-low switch: low 

With the switch lever down, the pivot-bar 
projections now open the full-power con¬ 
tact and close the other. Electricity then 
flows, via the purple path, through the di- j 
ode, which blocks half the power. 
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Inside a triac full-range dimmer 

The triac interrupts current 120 times a 
second, but transmits current only when 
delivered a minimum voltage from its firing 
capacitor; the control knob regulates this 
voltage build-up [bottom right). 

With the control knob set low. little current 
flows into the firing capacitor, and its vol¬ 
tage accumulates slowly, delaying firing of 
the triac. Since the triac turns off at a fixed, 
regular rate, lighting current flows for a 
short time—perhaps 1/1,000 second—be¬ 
fore the sequence begins again. With the 
knob set high, the capacitor builds voltage 
faster, the triac fires sooner, and lighting 
current flows longer before the triac goes 
off again —and the light is brighter. 

The interference capacitor and choke filter 
out triac signals, which cause static on ra¬ 
dios or streaked pictures on TV sets. 


TRIAC 

NTERFERENCE CAPACITOR 
CONTROL KNOB 



FIRING CAPACITOR 
CHOKE 


A full-range dimmer control 

A round control knob on the continuously 
variable dimmer brightens or dims the light 
to any desired level as it is turned. Some 
knobs have a click on-and-off point on their 
turning circumference; others push in and 
out for on-off control. The heat sink, a but¬ 
ton of heat-conducting metal, absorbs heat 
from the elements inside the switch to dis¬ 
sipate it outside. 



HEATSINK 


CONTROL KNOB 


MOVING 

CONTACT 



CARBON 

STRIP 


A knob to regulate current 

The control knob sets the light level by rais¬ 
ing or lowering the amount of current that 
flows to the firing capacitor, thus adjusting 
its rate of voltage build-up and varying the 
frequency with which the triac goes on 
[left)- The current flows from a movable 
contact [■above) along a carbon strip that 
resists its passage; the amount that gets 
through depends on the contact position. 
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PLUG-IN RECEPTACLES 

Receptacles eventually wear so much that they do 
not hold a plug securely. Do not try to repair them: 
replace them. If there is a proper grounding conduc¬ 
tor in the box. you should replace two-slot recepta¬ 
cles with three-slot grounded ones. 

Before starting to work on any receptacle, turn off 
the power to that circuit by tripping its circuit breaker 


or removing its fuse at the service panel. Then test as 
explained on pages 142-143: remove the cover 
plate and unscrew the receptacle. The wiring should 
conform to one of the three types diagramed here. 
Disconnect the wires and connect the new recepta¬ 
cle. observing the color code. If some of the ground 
connections are missing, add them if the box is 
grounded [page 143, Step 3). If it is not, consider 
installing a ground-fault circuit interrupter, especial¬ 
ly if the receptacle is in a damp or outdoor location. 



Common electric receptacles 

The slot arrangements of five common re¬ 
ceptacles are diagramed at left The stan¬ 
dard 120-volt receptacle [far left) has three 
slots, including one for ground, but older 
ones (second from left) may not have the 
rounded ground slot and should be re¬ 
placed. To their right are 240-volt recepta¬ 
cles: one for general use, one for driers and 
one for electric ranges 


GROUND TERMINAL 
GROUND WIRES 


SILVER-COLORED 

TERMINAL 



BRASS-COLORED 

.TERMINALS 


Middle-of-run wiring 


Receptacles in the middle of a run-that is, 
before the end of a house circuit- have one 
cable bringing power in and another taking 
it on to another box Follow the color code 
when connecting the white and black wires 
to the terminals, and fasten together with a 
wire nut all the ground wires-onefrom the 
receptacle, one from each of the cables 
and one from the box 


WHITEWIRE 
\ BLACKW1RE 


BRASS- 
COLORED i 
TERMINALS 


GROUND TER MIN AL- 


End-of-run wiring 


The last receptacle on a house circuit-at 
the end of a run - has one cable entering its 
box The black wire must be connected to 
the brass-colored terminal, the white wire 
to the silver-colored terminal The three 
ground wires (one from the cable, one 
from the box and one from the receptacle) 
are fastened with a wire nut 


WIRE NUT 
GROUNDWIRES 



WHITEWIRE 
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BRASS-COLORED TERMINAL 


BRASS-COLORED TERMINAL 


Q ^^ Q^^^tECAP 



BLACKWIRE 
SILVER-COLORED TERMINAL 


BLACKWIRE 

SILVER-COLORED TERMINAL WHITE WIRE 


GROUND WIRES 


Split-circuit wiring 


A ground-fault circuit interruptor 


A receptacle connected in a split circuit has 
extra flexibility. Since each half of the recep¬ 
tacle has its own power supply, one can be 
wired to a switch for remote control of a lamp, 
while the other can provide a constant sup¬ 
ply of electricity for an appliance. The split 
circuit has a cable with a red wire in addition 
to the black and white ones. Connect the ex¬ 
tra red wire to the receptable along with the 
black and white wires, which are connected 
as usual; the red wire goes to the brass- 
colored terminal on the switch-controlled 
section of the receptacle. Remove the break- 
off link in the brass-trimmed strip by twist¬ 
ing with pliers. 


Grounding adapter plugs 

If you have two-slot receptacles, appliances 
with three-prong grounding plugs, such as 
air conditioners, can be plugged in if you in¬ 
stall a grounding adapter [right]. First test to 
make sure that the box is properly grounded 
[page 143, Step 3] If it is, remove the screw 
in the receptacle cover plate, plug the adapt¬ 
er into the receptacle and replace the screw 
through the hole in the adapter's ground 
contact If the box is not grounded, install 
I a GFCI [above, right]. 


If one black and one white wire enter the box, 
connect the black to a brass-colored termi¬ 
nal and the white to a silver-colored terminal. 
If there are four wires, connect the two black 
ones to brass-colored terminals, the two 
white ones to silver-colored terminals. If a 
separate ground wire is available, connect it 
to the GFCI's green terminal. 
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RECEPTACLES continued 


Extra Receptacles 
with Surface Wiring 

i When you need extra electrical re¬ 
ceptacles there are three choices. 
Extension cords are not expensive, 
but since they lie unprotected on the 
floor they are liable to damage that 
may create fire hazards. The best 
choice is an addition to your in- 


the-wall wiring. This wiring is both 
safe and permanent, but the cost 
may be high if the work has to be 
done by an electrician. The third op¬ 
tion, surface wiring, is safe and rela¬ 
tively inexpensive, since you save 
money by installing it yourself. 

Two kinds of surface wiring are 
shown here. The plastic type (below), 
which consists of interlocking two- 
wire units that just snap together, is 
a very simple way to extend the cir¬ 


cuits and keep cords safely off the 
floor. But it does not provide ground¬ 
ing and is thus suitable only for small 
things like lights, radios and clocks. 

The metal type (opposite), which 
you must cut and wire to size, can be 
fitted to provide the grounding need¬ 
ed for any appliance, such as a heat¬ 
er or electric typewriter. 

As with all wiring jobs, turn off the 
electricity before connecting addi¬ 
tions to the house circuit. 



Plastic-link surface wiring 


Only a hammer and screwdriver are need¬ 
ed to install this extra wiring, which consists 
of plastic sections called links. Flexible links 
go around corners and plug into blank 
links that connect to receptacle links. The 
flexible link can be cut to the desired length 
and nailed to the wall It plugs into an ex¬ 
isting outlet through a swivel cap that turns 
in any direction Blank and receptacle links 
come only in one-foot lengths and are 
screwed to the wall 


Plugging links together 

The male end of the flexible link, cut to size 
with a special tool available from electrical 
supply stores, is protected by a plastic cov¬ 
er (below, far left) that slips on over the 
metal prongs. This is the only link that can 
be plugged into the swivel cap for connec¬ 
tion to the house circuit. The female con¬ 
nection of the flexible link (below, left) 
accepts the male connection of either a 
blank or receptacle link (right) Blank and 
receptacle links can be plugged together in 
any sequence desired 
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EXISTING 

RECEPTACLE 



Metal-raceway surface wiring 

More substantial and permanent than plas¬ 
tic surface wiring, metal raceway comes in 
5- and 10-foot lengths consisting of back 
and front sections, which are cut to length 
with a hacksaw. The back half is screwed 
to the wall. Three separate wires (black, 
white and green), not cable, are laid in to 
carry current and provide a ground; the 
front half of the raceway is snapped on. 
S mall snap-on fittings protect all joints. 

The plan for attaching raceway wiring to an 
existing receptacle is below at left. Wiring 
for a new receptacle appears below at 
right. A raceway switch may be installed 
ahead of a new receptacle if desired. For 
wiring of a switch, see pages 166-167. 

METAL RACEWAY 


RACEWAY SWITCH 



'JOINT FITTINGS 


Tapping an existing receptacle 

To connect raceway wiring to an in-the-wall 
circuit, disconnect the existing receptacle 
and attach a notched raceway plate. Bring 
all the house wires from the receptacle and 
the raceway wires through a raceway ex¬ 
tension plate, then attach the extension 
plate. Attach both the house and raceway 
wires to the house receptacle as shown in 
the drawing at lower right on page 172. 
Screw the house receptacle to the exten¬ 
sion plate; finally, attach the cover plate. 




RACEWAY COVER PLATE 
RECEPTACLE 


EXISTING 

RECEPTACLE 




RACEWAY WIRES 


Installing a raceway receptacle 

To install a new receptacle at the end of a 
run of raceway, first screw the wall plate to 
the wall. Then, following the standard end- 
of-a-run procedure [page 172], connect 
wires from the raceway to the terminals on 
the receptacle, a thin model designed for 
surface mounting. Finally, screw on the 
cover plate. A new receptacle can also be 
installed in the middle of a run, following the 
directions on page 172. 
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SWITCH 

CONTACTS. 


DOORBELLS AND CHIMES 


The 19th Century scientists Hans Oersted and Mi¬ 
chael Faraday should get a share of the credit for 
every doorbell, buzzer and electric chime in use 
today They demonstrated the interrelationship 
of electricity and magnetism-an electric current 
moving along a wire creates a field of magnetic 
force around the wire, and conversely, a chang¬ 
ing magnetic field generates a current in a wire 
These are the working principles of the interrupt¬ 
er, the transformer and the solenoid, which are 
the electromagnetic devices at the heart of door¬ 
bells and chimes Though their sounds and their 
styling may vary, all household signaling systems, 
even the most complex, consist of combinations 
or variations of the basic installations explained 
here and on the following pages. 


PUSH-BUTTON 

SWITCH 


How bells and buzzers work 

An interrupter [below] is an electromag¬ 
netic switch that turns itself off and on. re 
peatedly and automatically Whenever the 
switch circuit is closed, current will flow 
through the coils of wire, forming two elec¬ 
tromagnets and generating a magnetic 
field around them The magnetism attracts 
an iron armature-but as the armature 
moves toward the magnets [arrow, left), it 
opensthe circuit by pulling a movable con¬ 
tact arm from a stationary contact The flow 


of electricity to electromagnets stops, the 
magnetism disappears, the armature and 
contact arm spring back, and the contacts 
meet [right]-and the cycle begins again, 
repeating itself up to 30 times a second 

The sound of a buzzer is simply the sound 
of the armature clicking against the electro¬ 
magnets In a bell [right] the armature is 
longer and ends in a small, solid clapper 
Once in each cycle, as the armature and 
contact arm shuttle between electromag 
nets and contact, the clapper hits the bell. 




SWITCH TERMINALS 
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How a doorbell is wired 


How a transformer works 




TRANSFORMER 


In addition to a bell and its interrupter, the 
circuit of any doorbell system includes a 
push-button switch and a transformer. The 
switch closes the circuit to activate the in¬ 
terrupter. The transformer, hooked into the 
house wiring and grounded at a junction 
box. adjusts voltage (as explained at right) 
from the 120-volt house supply to 10 volts 
for the doorbell. This low voltage permits 
the use of thin wire-usually 18-gauge-to 
link the system s components. In the typi¬ 
cal doorbell installation at left, wires run 
from the transformer to the bell and the 
switch, and a third wire runs directly from 
the switch to the bell. 


Every transformer contains two coils of 
wire, called the primary and the secondary, 
wound around a piece of iron Alternat¬ 
ing current-which is constantly changing 
-flows through the primary and sets up a 
changing magnetic field, which is intensi¬ 
fied by the iron; the varying magnetism 
generates an alternating current in the sec¬ 
ondary. The current characteristics de¬ 
pend on the relative number of windings in 
the coils. In this transformer, a secondary 
coil with one fifth the windings of the prima¬ 
ry steps down voltage to one fifth that of the 
primary-while simultaneously increasing 
I amperage to five times that of the primary. 



SECONDARY PRIMARY TO HOUSE WIRES 

COIL COIL 



A bell-and-buzzer combination 

In this installation, a single transformer 
powers a bell for a front door and a buzzer 
for a back door. (Since the transformer is 
the most expensive component in the cir¬ 
cuit, putting it to double use represents a 
significant saving.) Separate wires connect 
the front-door and back-door push-button 
switches to a single transformer terminal; a 
single wire from the second transformer 
terminal links the bell and the buzzer. Thus 
either button can complete a circuit to 
one device-but not to both. 
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□OORBELLS ANO CHIMES continued 


Chimes: Sounds 
Made by a Magnet 

Many homeowners consider mellow- 
toned door chimes a great improve¬ 
ment over raucous bells and buzzers. 
The modern device is also versatile: 
most chimes sound a double tone for 
the front door (elaborate models may 
sound four or more) and a single one 
for the back. These tones are pro¬ 
duced by the moving core of an elec¬ 
tromagnetic device called a solenoid 
rather than by an interrupter. 


In other respects, chimes are sim¬ 
ilar to buzzers and bells. Chimes are 
wired in much the same way and, like 
a bell-and-buzzer combination, re¬ 
quire only a single transformer to 
reduce the house voltage. In many 
cases an old bell transformer will op¬ 
erate a new set of chimes, so that re¬ 
placing a bell and buzzer calls for no 
more than transferring wires from 
the old components to the appropri¬ 
ate terminals on the chimes. But 
check the voltage requirement of 
your chimes first; if your old trans¬ 
former supplies the wrong voltage, 
you will have to replace it as well. 


TONE BAR¬ 


SPRING 


NYLON CAP 


SPRING 



FRONT-DOOR 
PUSH BUTTON 




-SOLENOID COIL 
- NYLON CAP 


■SOLENOID COIL 
- NYLON CAP 


- FRONT-DOOR 
TERMINAL 


- TRANSFORMER 
TERMINAL 


Inside a set of door chimes 


Simple chimes with connections to both 
front and back doors contain two metal 
bars, located at opposite ends of the case, 
that sound two distinct musical notes when 
struck. To strike the bars, power from 
a transformer activates two solenoids. In 
each of these electromagnetic devices, a 
movable iron core plunges into a coil when 
the current goes on, and a spring snaps the 
core back when the current goes off [op¬ 
posite, top] The push button at the front 
door closes the circuit of the upper sole¬ 
noid. the core of this solenoid, capped with 
nylon at both ends, strikes both tone bars 
to produce a double tone. The back-door 
push button operates the lower solenoid: 
the core strikes only the right tone bar. be¬ 
cause the left end of the core strikes a rub¬ 
ber damper instead of the tone bar. 
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1 Houu a chime works: Bing! 

Pressing a push button completes an elec¬ 
trical circuit between solenoid and trans¬ 
former. Currentflows through the solenoid 
coil, creating a magnetic field, which pulls 
the iron core through the coil [arrow] to 
strike the right tone bar. As the core moves, 
it compresses the spring. 

2 Bong! 

Releasing the button opens the circuit, and 
the current stops flowing; the coil ceases to 
act as a magnet. Now the spring expands, 
snapping the core back [arrow] to strike 
the left tone bar. At this point the spring is 
slightly extended. 

3 .... 

The spring now contracts slightly, but not 
enough to pull the solenoid core all the way 
back to the right bar. The core thus comes 
to rest between the tone bars; the chime is 
silent and ready for another push of the but¬ 
ton to begin a new cycle. 


Troubleshooting Doorbells and Chimes 


Problem 

Possible Causes 

Solution 

Bell or chime does not 
sound 

Fuse blown or circuit breaker tripped 
Push-button contacts corroded or 
dirty 

Push button broken 

Defective transformer 

Replace fuse or reset circuit breaker 
Clean contacts with fine sandpaper 

Replace push button 

Check transformer output terminals 
with low-voltage tester [page 137]; if 
tester lamp does not glow, replace 
transformer 

Bell does not ring 

Interrupter contacts fail to make 
electrical connection 

Interrupter contacts stuck shut 

Clean contacts with fine sandpaper 

Gently bend contact arm until 
contacts open 

Chime does not sound 

Solenoid core jams in coil 

Short circuit in push button 

Clean core with small brush, and 
lubricate with silicone spray 

Examine opened button for contacts 
between bare wires; separate them 
or rewire 

Bell does not stop ringing 

Short circuit in push button 

Examine opened button for contacts 
between bare wires; separate them 
or rewire 
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How They Do Routine Chores 
Better Than You Can 


The clusters of small machines in kitchens, 
bathrooms and broom closets are devices most 
homeowners could get along without —but few 
would dream of doing so. These appliances 
have won a well-deserved popularity because 
they have taken over many monotonous tasks 
and perform them very well—better, in fact, 
than human hands can do them: 

S An electric food mixer can easily stir the 
heaviest batters. And it can stir thinner liquids 
with lightning speed: be careful when you 
whip cream with one or the cream will turn to 
butter before you flip the switch off. 

■ No razor can duplicate the smooth, gliding 
action of an electric shaver, primarily because 
the shaver has hundreds of cutting surfaces 
and a screen so fine that its tolerances are mea¬ 
sured in thousandths of an inch. 

■ An electric coffee maker starts brewing sec¬ 
onds after it is turned on because only a very 
small amount of water is boiled at a time; no 
watching of the kettle is needed. 

Ingenuity characterizes all these devices —not 
only in the harnessing of small motors and 
heating elements to do a job better, but also 
in clever employment of drive shafts, gears, 
mechanical linkages, switches, thermostats 
and timers. Some appliances do not need such 
accessories: the fan is just a motor with blades 
attached to the shaft. But most of them include 
extra devices to help them work better. 

Reduction gears transform a fast rotating 
motion into a slower one that exerts a strong¬ 
er turning force. It also makes possible useful 
combinations such as the can opener and knife 
sharpener, both powered by a single motor 
that gives high speed to the sharpener, slow 
speed to the opener. 

Such gears may be part of a drive train that 
changes the direction of the motion; a food 
mixer, for example, has a horizontal motor driv- 
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ing beaters that point vertically downward into 
the mixing bowl. In some drive trains, mechan¬ 
ical linkages transform rotary motion into the 
back-and-forth motion of blades for an elec¬ 
tric knife or a shaver. 

More intricate are the automatic controls in 
heating appliances. Most of these appliances 
include, at the very least, thermostats that 
keep their heating elements at a preselected 
temperature. In a coffee maker, however, the 
thermostat not only cuts off the brewing el¬ 
ement when the coffee is ready, but turns on 
a low-temperature warming element to keep 
the brew at serving temperature. Better yet, a 
clock-timer can be added to switch on the elec¬ 
tricity in the morning and have the coffee 
ready when you get up. 

Understandably, all these convenient refine¬ 
ments are not without their drawbacks. By 
adding to the complication of modern appli¬ 
ances, they increase the ways in which the ap¬ 
pliance can break down. In general, however, 
these additional features are no harder to fix 
than more conventional parts, and they add 
greatly to the versatility of a device. 

Basic rules of care and safety 

Like all machinery, small appliances last long¬ 
er and work better if you take care of them. A 
few rules apply both to appliances with mo¬ 
tors (pages 188 - 231 ) and to those employing 
heating elements (pages 233 - 253 ): 

■ Operate appliances directly from a wall re¬ 
ceptacle whenever possible. Avoid extension 
cords, which waste some electricity and may 
provide insufficient current for good perfor¬ 
mance. Extension cords are particularly un¬ 
suited for use with heating appliances since 
these devices draw much more current than 
most extension cords are designed to carry. 

■ Disconnect appliances by grasping the plug; 
tugging on the appliance cord could break 


its wires or the connections inside the plug. 

■ Keep appliances clean; accumulations of 
dust, grease or food particles clog motors, 
drive trains and even switch contacts. 

■ Never immerse an appliance in water unless 
the manufacturer’s instructions specifically 
state that you may; water seeping into a motor 
or coil can cause a shock or a short circuit 
when the appliance is plugged in again. 

Why home repairs make good sense 

Even with good care, parts sooner or later wear 
or break. If the warranty is still in effect (box, 
page 19 ), let the manufacturer or his service 
agent do the fixing. 

If the warranty has expired, you will find 
that it is always less expensive, and usually 
quite simple, to make the repairs yourself. In 
fact, professional repairs on some small appli¬ 
ances may be so costly, in a relative sense, that 
the only economic alternative to fixing the 
thing yourself is buying a new one. 

Parts for a new model generally fit an older 
one, and ordinarily, the parts most likely to 
break or wear out are kept in stock at appli¬ 
ance service centers. If there is no service cen¬ 
ter nearby, write or call the manufacturer at 
the address given on the warranty. 

As simple and inexpensive as the home re¬ 
pair of small appliances may be, it does pre¬ 
sent some hazards for the uninformed and the 
unwary. The fast spinning action of blender 
blades or mixer beaters can mangle a finger; 
the high temperature of a steam iron can inflict 
serious burns; and a toaster can give a severe 
shock if you touch a live wire in the heating el¬ 
ement. Such accidents are readily avoided if a 
few precautions are taken: 

■ If the appliance runs on house current, be 
sure to disconnect it from the wall receptacle 
before you do anything else. 

■ Remove all detachable units such as cutting 
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blades, beaters and bowls. Only then remove 
the housing (pages 184-185). 

■ If the appliance runs on batteries, you may 
not be able to remove them; in appliances 
such as electric toothbrushes, they are usually 
sealed or soldered to connections inside the 
housing. But proceed cautiously: after you 
open up an appliance, it can be activated as 
long as the batteries are in place. Do not touch 
the switch, which could start the motor. 

In undertaking a repair, your first task will 
be to determine the cause of the trouble. With¬ 
out even removing the appliance housing, it is 
often possible to make an educated guess: 

■ An unusual grinding or uneven sound during 
operation is of mechanical origin: either a part 
— such as the motor shaft— has broken or shift¬ 
ed out of alignment, or something in the 
mechanism is binding. 

■ If the speed of the motor or the temperature 
of the heating element does not correspond to 
the selected setting, the source of the trouble 
most probably is electrical. 

The appliance cord and its plug are particular¬ 
ly vulnerable parts, especially in appliances, 
such as irons and vacuum cleaners, that are 
moved about frequently during use. Inspect 
the plug prongs for signs of corrosion or other 
damage. If the prongs appear clean and intact, 
there could be a broken wire inside the cord or 
a loose connection between a wire and the 
plug; find out by checking the cord with a con¬ 
tinuity tester (page 186). 

The next step is an inspection of the con¬ 
tacts and wiring inside the appliance. Open 
the housing carefully, particularly if the device 
includes mechanical linkages that could be 
jarred loose in the process; check the circuit 
with a continuity tester. 

If, on the other hand, you suspect a mechan¬ 
ical problem in the motor, you usually can pin¬ 


point it easily, once the mechanism is exposed. 
Turn the motor drive shaft slowly with your fin¬ 
gers while observing the transfer of motion. 
You should be able to see if a gear is slipping 
or broken, a drive shaft is out of alignment, or 
other moving parts are not meshing properly. 

Once you have determined the cause of the 
problem, you may find that it can be solved 
merely by refastening a loose connection, by 
coaxing a displaced mechanical part back into 
position or, especially in the case of a motor, 
by applying a few drops of lubricant (pages 
194-195). If you discover a broken or worn part, 
inspect all others for signs of wear, and if nec¬ 
essary, replace them at the same time. 

Some parts are designed to break for safe¬ 
ty’s sake when trouble develops: a gear in a 
food mixer, for example, snaps automatically 
when the beaters jam, in order to prevent more 
serious damage to the rest of the mechanism. 
These “fail-safe” parts are always inexpensive 
and are meant to be replaced rather than re¬ 
paired. Keep in mind, however, that the cir¬ 
cumstances that caused the part to break in 
the first place should be determined and cor¬ 
rected; otherwise, the newly replaced part will 
break again —and again. 

After you have completed the repair, take 
advantage of the fact that the appliance is still 
out of its housing to give it some preventive 
maintenance: clean or lubricate as recom¬ 
mended by the manufacturer. The appliance is 
then ready to be reassembled and put to a final 
running test before it is returned to duty. 

Although you may approach the first repair 
with some trepidation, you will soon discover 
that all makes of a given type of appliance are 
built much alike (the pages that follow de¬ 
scribe typical models), and that even different 
types share a relatively small number of basic 
principles. The knowledge you gain by doing 
one job will make each successive one easier. 
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BASIC REPAIRS 

Even simple repair jobs, such as replacing a cord 
[pages 186-187) or cleaning hair and dust from 
a hair drier [page 251), can be accomplished only 
by first removing the housing Often, when all the 
obvious fasteners have been removed, the casing 
still clings together Designers have streamlined 
small appliances by concealing fasteners, and the 
machines have become increasingly difficult to get 


apart when they need repairs. Retaining screws 
are ingeniously placed under nameplates and 
pads, and behind latches on attachments. 

When you are stymied by such a diabolically 
sealed fastener, resist the impulse to reach for a 
hammer An appliance should be sent back for re¬ 
pair if it is still under warranty. If it is not, look for in¬ 
dentations, seams or detachable sections that may 
be clues to fastenings. But if professional repair of 
an appliance would cost more than replacement, 
disregard caution. You have nothing to lose. 




The nameplate cover-up 

Even after all the screws are removed from 
the underside of this toaster, the housing 
still refuses to come apart The essential 
last screw is hidden, as in many small ap¬ 
pliances, under the manufacturer's name 
plate, which is on the toaster handle Pry up 
the nameplate with a screwdriver; it should 
snap off easily Take out the screw you find 
there, and the housing comes free 


The invisible plug 

A barely noticeable circle - perhaps slightly 
depressed-in the textured handle of this 
hair styler outlines a plastic plug that cov- 
ersthe single screw holding the housing to¬ 
gether. To gain access to it, pry out the 
circle with a sharp instrument When re¬ 
placing the plug, you may have to glue it. 


184 



































Recessed screws 

Screws that fasten parts of a plastic appli¬ 
ance housing to each other often are hidden 
in deep cavities molded into the parts them¬ 
selves. Like shallow recesses [opposite], 
these deep cavities may be concealed by a 
plastic plug. After prying out the plug, use a 
screwdriver with a long shaft to loosen the 
recessed screw. Then turn the appliance up¬ 
right to drop the screw out of the cavity. 



The attachment cover 

The housing on an electric shaver like this 
one will not come apart unless two hidden 
screws are removed Look for them under 
the sideburns trimmer. Push up and back 
on the frontof the trimmer with your thumb, 
and it should snap right off, revealing two 
screws that hold the front and back of the 
shaver together. 



Self-fastening parts 

Look closely at the appliance for plastic pro¬ 
trusions, called posts, that project from one 
part of the case into holes in the other. Insert 
a screwdriver into the seam near the posts 
[far left] and pry the housing apart gently, 
releasing the posts from their holes. Con¬ 
cealed tabs and notches are harder to de¬ 
tect. Try to look inside a vent or opening in the 
appliance to spot them, or press down along 
the housing seam with your thumb The 
housing half with the tabs will give slightly. 
Press the housing down at a tab location and 
pull the halves of the housing apart [left]. 
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BASIC REPAIRS continued 

Appliance Cords 

One of the most common reasons a 
small appliance stops functioning or 
works intermittently is that electricity 
cannot get to it—meaning that the 
cord, the plug, or the motor or heat¬ 
ing-element may be faulty. All are 
simply repaired or replaced. 


PRONG 



The cord is composed of two sep¬ 
arately insulated wires, sheathed to¬ 
gether, that carry the electricity from 
a wall receptacle through a plug to 
the appliance and back. Most of the 
time a visual inspection will deter¬ 
mine where the break in the circuit 
has occurred: a broken or wobbling 
plug prong, a partially severed cord, 
or a loose connection at the cord 


sleeve. Check the receptacle also; to 
be sure it is good, plug in a lamp that 
you know is working properly. 

Shaking the appliance sometimes 
briefly re-establishes a lost connec¬ 
tion and, even before the housing is 
opened, may point to trouble in the 
internal wire terminals. If it does, 
repair them—loose interior connec¬ 
tions can cause fire. 


Testing the cord for continuity 

To determine whether a cord and plug are 
in good order, set up a flow of current by 
attaching the alligator clip of a battery- 
powered continuity tester to a plug prong, 
and touch each of the wire terminals with 
the probe Then move the clip to the other 
prong and test both terminals again. If the 
light does not go on when you touch one 
terminal in each test, cut off the plug and re¬ 
test the cord If the cord is good, attach a 
new plug to it [opposite, below). Otherwise 
replace both cord and plug 



Protecting the cord from stress 

A pliable rubber sleeve added to an appli¬ 
ance cord at the point it enters the housing 
-where the cord is subject to the greatest 
stress- protects and assures it of a longer 
life Some such sleeves are permanent 
parts of cords, designed for a specific ap¬ 
pliance; other sleeves are separate units 
that can be slipped onto wires and then 
snapped into any housing 


Adjusting a female plug 

Many hand-held appliances have detach¬ 
able cords that are connected to built-in 
prongs by a female plug - a molded plastic 
unit that has two internal metal sleeves. If 
the cord repeatedly falls out of its socket, 
squeeze firmly on the plug with a pair of pli¬ 
ers. The pressure will reduce the diameter 
of the metal sleeves and produce a tight fit 
and good electrical contact 


Adjusting plug prongs 

If a plug makes poor or intermittent con¬ 
tact, it may have the type of split prongs 
shown here When such a plug will not stay 
tight in the receptacle, its prongs may be 
compressed I nsert the tip of a screwdriver 
into the center of each of the prongs, and 
twist slightly in order to spread the sides. If 
the plug has solid prongs, bend the prongs 
slightly farther apart. 
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Solderless crimping connectors 

These connectors, used in many small ap¬ 
pliances, are simply squeezed onto wires 
with a crimping tool. The bottom part of a 
terminal, a metal sheath cased in plastic, 
holds the wire and the tip attaches to a 
screw post, bolt or tab. The sleeve and nut 
connect two wires—the sleeve for wires 
coming from opposite directions. 


How to crimp a connection 

To connect two wires coming from the 
same direction, twist the ends together 
[left], insert them into a crimping nut/cen¬ 
ter? and squeeze the top of the nut firmly 
with a crimping tool [right]. The inner cyl¬ 
inder collapses and anchors the wires. The 
crimping sleeve requires two presses—one 
at each end—to secure the wires. 




Replacing a male plug 

Appliance plugs, being frequently inserted 
and removed, are apt to get hard usage. 
While a snap-on plug [page 153] is ade- 
quatefor light-duty purposes such as lamp 
cords, the type shown here, with screw ter¬ 
minals, is preferable for appliances. To at¬ 
tach this type, use a small screwdriver to 
pry out the anchor that sits between the 
prongs, then lift out the prongs. As is 


shown in the diagrams at the left above, 
push a prepared cord [page 140] through 
the plug body. Place the end of one of the 
wires in the slot on a prong, wrap it clock¬ 
wise around the screw and tighten [left]. 
Repeat for the other wire. Pull the cord 
gently, easing the prongs into position 
[center]. Replace the anchor [right]. 


Replacing a female plug 

To get at the screw terminals in a female 
plug, pry apart the top and bottom with a 
screwd river [above, left]- It is not necessary 
to remove the top screw. Run the cord 
through the plug body and tie the wires in 
an Underwriters’ knot [page 152]. Push 
each wire through a hole in the metal plate, 
turn it clockwise around its screw and tight¬ 
en/"center?. Rejoin the two sections [right]. 
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Appliances 

with 

Motors 


The first electric power ever consumed in 
American homes —except for lighting—was 
probably used to run a crude —and short-lived 
— sewing-machine motor. The motor, which 
the Curtis, Crocker, Wheeler Company began 
to manufacture in 1886, ran on six-volt batter¬ 
ies; too few residences were wired for electric¬ 
ity to offer a mass market for any appliances 
that worked on house current. 

Those early motors were direct ancestors of 
the universal motor (pages 190-191), which 
now powers many small appliances. It is an ex¬ 
tremely reliable device, its principal weakness 
being the brushes —the sliding contacts that 
transmit the electric current from the power 
source through a rotating part called a commu¬ 
tator, and thence to the rotating motor coils. 

Early brushes were literally that —bundles 
of copper wires bound at one end—and they 
quickly wore out the commutator by abrasion. 
Universal motors became more durable with 
the introduction in 1888 of brushes made of 
small blocks of carbon. They are curved to 
match the shape of the commutator, making 
better contact with it to reduce wear. 

But brushes remain the weak part of the mo¬ 
tor. Constant friction during operation gradu¬ 
ally wears them down. When they no longer 
maintain close contact with the commutator, 
the motor stops. Because brushes do wear out, 
they are always mounted so that they are ac¬ 
cessible and easy to replace fpages 190, 195). 

In spite of the occasional nuisance of chang¬ 
ing brushes, the universal motor is preferred 
for many appliances because it uses electric¬ 
ity more efficiently than other kinds of motors; 
its speed is easily regulated, and it runs on ei¬ 
ther alternating current from the house supply 
or direct current from batteries. 

Universal motors do not monopolize the ap¬ 
pliance market, however. The Curtis, Crocker, 
Wheeler Company had barely surfaced with 
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its electric sewing-machine motor when a rev¬ 
olutionary change in motor design was pro¬ 
posed by Nikola Tesla, then a Westinghouse 
engineer. Tesla discovered that a rotating mag¬ 
netic field could be created without any me¬ 
chanical moving parts by using alternating 
current, and he showed that the rotation of this 
field could be employed to turn a rotor (page 
193). This method of making the magnetism 
spin does away with the need for brushes. No 
part connected to electricity has to move; all 
the motion is produced magnetically. 

A number of motor types in use today derive 
from the Tesla discovery. A low-power, com¬ 
pact version of this brushless motor, called a 
shaded-pole motor (pages 192-193), is used in 
appliances such as can openers and dental ir¬ 
rigators, which require only limited turning 
speed. For these uses, the shaded-pole motor 
is chosen rather than the universal motor be¬ 
cause the absence of brushes renders it nearly 
maintenance-free, and its simpler construction 
makes it less expensive to manufacture. 

Protecting an appliance motor 

Except for the routine replacement of brushes 
in the universal type, motor repairs require 
professional skill. But the need for repairs 
should seldom arise, because both types of mo¬ 
tors rarely fail unless they have been mishan¬ 
dled. Their care is simple: 

■ Oil a motor regularly if it is not permanently 
lubricated at the factory. Save instructions, 
which indicate the location of the oil ports 
where oil is to be placed. 

■ Never impose undue strain on the motor. A 
knife is no more designed to slice thick bones 
than a garbage disposer is meant to grind them. 

The requirements for care that apply to the mo¬ 
tors of small appliances hold for other parts: 
considerate use and lubrication as necessary 


will prolong their life. But unlike the motor, the 
other parts are vulnerable to wear and dam¬ 
age. Breakdowns are most likely in the drive 
mechanisms, the ingenious combinations of 
gears, shafts, cams or pivots that connect the 
motor to fan blades, beaters or whatever de¬ 
vice actually gets the desired job done. 

The simplest drive mechanism is a direct 
one: the working tool is attached directly to the 
motor shaft—the cutter of a blender, for exam¬ 
ple, or the fan in a hair drier. When switched 
on at full speed, the cutter or fan spins at the 
same rate the motor does. 

Many jobs require more turning force than 
the motor normally provides. For them, a series 
of alternately large and small gears driven by 
a small gear on the motor shaft is used. The 
drive wheel of a can opener, for example, is at¬ 
tached to the last gear in line; the gear’s speed, 
and that of the drive wheel, is 72 times slower 
than that of the motor, but its torque is nearly 
72 times greater than the motor’s. 

By using specially shaped gears to turn drive 
shafts set at right angles to each other, the 
power from the motor can be made to turn a 
corner. This principle is used in appliances 
such as food mixers —it makes the beaters 
point downward into the mixing bowl. 

Adding a special linkage to a drive train 
— such as a gear with an off-center pin (page 
206)~ can transform a motor’s rotary action 
into reciprocating motion, as in the back-and- 
forth movement of electric-knife blades. 

Drive gears occasionally wear out. Some are 
even designed to break under stress, so that 
more expensive components are saved from 
damage. Replacing drive trains of most ma¬ 
chines is simply a matter of opening the appli¬ 
ance housing (pages 184-185), removing a 
retaining screw or two and dropping a new 
part into place. 
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HOW MOTORS WORK 

Among electric motors, the universal motor has 
proved to be the most practical for use in.small ap¬ 
pliances such as blenders, carving knives, food 
mixers and vacuum cleaners. Those appliances 
require great power over a wide speed range, a 
combination the universal type of motor can sup¬ 


ply In food mixers and blenders, for example, the 
speed can be varied as desired by means of a se¬ 
lector switch. A vacuum cleaner draws on the mo¬ 
tor’s strength rather than its versatility The motor 
is called universal because, as a rule, it works 
equally well on alternating or on direct current, 
making it equally suitable for devices that run on 
batteries or on house current, or those that are 
powered by either interchangeably. 



MOTOR SHAFT 


The basic motor assembly 

Nearly all universal motors consist of two 
groups of parts: a stationary group that in¬ 
cludes the motor frame, field coils and 
spring-mounted carbon brushes; and a 
group of rotating parts composed of the 
motor shaft, the commutator and arma¬ 
ture, and a cooling fan The interaction of 
electricity and magnetism between these 
two groups makes the motor run [right]. 

The carbon brushes, which transfer cur¬ 
rent into the rotating system, are subject to 
the greatest amount of wear They are easy 
to replace, however, and they should be 
checked as part of the motor's mainte¬ 
nance [pages 194-195] 
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Coiled wires to create magnetic poles 

When a current passes through a wire, a 
field of magnetic force- represented sym 
bolically in the pictureabove by theoutlined 
cylinder-is generated around that wire. 
Several parallel wires bundled together all 


with current flowing in the same direction, 
intensify the force. When the current flows 
in the direction of the thin arrows, the re¬ 
sulting magnetic lines of force run circular¬ 
ly around the wires as indicated by the 
broad arrows. If the current is made to flow 
in the opposite direction —by passing it 
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through a coiled wire [above, right ]-two 
magnetic forces of opposing direction are 
generated, and the coil acts like a bar mag¬ 
net with north and south poles The fact that 
opposite magnetic poles attract each other 
is the principle that governs the design of 
electric motors 
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The electrical circuit 

Operation of the motor involves two sta¬ 
tionary, or field, coils, wired so that they 
carry current in opposite directions. One 
end of each field coil is connected to the 
power supply, the other to a carbon brush. 
Between the brushes, the circuit continues 
on into the rotating, or armature, coils 
through a number of commutator bars 

The wire ends of each armature coil are 
connected to two adjacent commutator 
bars as shown at left (for clarity, only one 
armature coil has been drawn). When the 
motor is switched on, the current flows 
from the power source through the first 
field coil and on to the first carbon brush. 
Contact between the brush and one of the 
commutator bars sends the current simul¬ 
taneously through the two armature coils 
that are wired to that bar, then consecutive¬ 
ly through each remaining armature coil 
on both sides of the brush. 

The second brush, with a bar on the oppo¬ 
site side of the commutator, picks up the 
current and sends it through the second 
field coil and back to the power source. The 
north and south poles created by the pas¬ 
sage of current through the various coils 
make the motor turn [below]. 



How the motor turns 

In this diagram, the black arrows trace the 
path of current through the motor to illus¬ 
trate how the attraction of north and south 
magnetic poles for each other will make 
the motor turn. The current, coming in 
through the switch at far left, establishes a 
north pole in the first field coil it encounters. 
As the current divides at the first brush to 
flow in opposite directions, it creates north 
poles in the upper armature coils and 
forms south poles in the lower ones. After 
the current has recombined at the second 
brush, it goes on to the second field coil, 
creating a south pole. As a result, the poles 
of the stationary field coils attract and repel 
those of the rotating armature to turn it in 
the direction the broad arrows indicate 

After a fraction of a turn, the armature coil 
at upper right straddles the commutator 
bar connected to the second brush; the 
current briefly bypasses that coil, tempo¬ 
rarily erasing its magnetic field. But adja¬ 
cent armature coils remain magnetized 
and momentum carries the demagnetized 
coil beyond the brush. 
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Shaded-Pole Motors 

The small, compact motors known 
as shaded-pole motors are generally 
used in place of universal motors 
(pages 190-191) in appliances that 
require little power, such as small 
fans, can openers and hair driers. 


Shaded-pole motors work on alter¬ 
nating current alone. The motor’s ro¬ 
tating assembly—or rotor—is made 
to turn by currents the magnetic ac¬ 
tion of the field coil induces in the 
rotor. For that reason, the rotor itself 
needs no direct electrical connec¬ 
tions and so does not require either 
a commutator or brushes. 


Two factors, the absence of brush¬ 
es, which wear down, and the fact 
that the rotor is cast in a single solid 
piece, considerably simplify mainte¬ 
nance since there are fewer parts to 
wear out. The shaded-pole motor can 
generally be counted on to have the 
same life expectancy as the appli¬ 
ance that it serves. 


MOTOR SHAFT 


COPPER SHADES 



FIELD COIL 

The role of the copper shades 

The magnetic field created by the coil in the 
iron stator extends to the copper shades 
But copper magnetizes less rapidly than 
iron; as a result the shades' field always 
lags behind the field of the stator This con¬ 
dition, combined with the swift reversal of 
the magnetic poles, establishes a rotating 
magnetic field (opposite, top) in the space 
the rotor occupies 


The basic motor assembly 

The stationary field coil of a shaded-pole 
motor is embedded in a laminated block of 
iron, called a stator The coil connected to 
the power supply, generates a magnetic 
field in the iron when the current is turned 
on, and because alternating current is 
used, the resulting magnetic poles ex¬ 
change position with each reversal of the 
current's direction. 

The rotor attached to the shaft of the motor 
moves freely in the hollowed-out stator. 
Heavy strips of copper, called shades, are 
attached to the stator on either side of the 
rotor They transform the magnetic field of 
the stator from an alternating field into a ro¬ 
tating one (below). 


COPPER SHADES 
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How the magnetic field rotates 

When the power is turned on. magnetism 
induced by the field coil creates a north and 
a south pole in the iron stator [left, above]; 
magnetic lines of force (dotted lines] ex¬ 
tend between the two poles, across the 
space occupied by the rotor. A fraction of a 
second later, north and south poles arise 


in the copper shades (second diagram 
from left]; these poles interact with the iron 
stator’s poles to deflect the lines of force As 
the alternating current reverses its direc¬ 
tion, it temporarily blanks out the iron sta¬ 
tor’s poles. Because the copper shades’ 
magnetism lags behind that of the iron, the 
shades are still magnetized and the only 
lines of force present are those between the 



shades’ poles (third diagram from left]. As 
soon as the current has reversed, north 
and south poles reappear in the stator, but 
their positions (fourth diagram from left] 
are now the opposite of those that they had 
occupied before. Except for this reversal of 
the poles, the sequence continues (re¬ 
maining two diagrams] in exactly the same 
order that it had previously. 


The squirrel-cage rotor 

The rotor of a shaded-pole motor is cast in 
one piece. Evenly spaced strips of copper 
are embedded i n a solid metal cylinder and 
connected at the edges of the cylinder by 
two end rings, usually made of copper. The 
general appearance of the copper strips 
and end rings suggests that of a squirrel 
cage- aterm commonly used to designate 
this type of rotor. 

As the motor is switched on, magnetic 
poles arise in the stator, on opposite sides 
of the rotor (only the north pole is shown in 
the drawing at right]. The subsequent ro¬ 
tation of the stator poles, described above, 
turns the rotor as explained below. 
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How the motor turns 

When the poles of the stator field pass over 
a section of the rotor they constitute a mov¬ 
ing magnetic field and thus generate elec¬ 
tricity in nearby wires (pages 346-347]- in 
this case, the nearest copper strips and ad¬ 
joining segments of end rings Conly the sta¬ 
tor's north-pole side is depicted at left). 
These induced currents (small arrows] 
create a magnetic force of their own. But 
its polarity is opposite to that of the stator. A 
south pole forms in the rotor a fraction of a 
second after the stator's north pole has 
gone by; since north attracts south, the ro¬ 
tor’s pole will continually seek to catch up 
with the stator's, and the motor will turn in 
the direction shown by the broad arrow. 
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Bearings and Motor 
Maintenance 

A small appliance will last longer if its 
motor and bearings get a little simple 
attention. Inspect regularly for accu¬ 
mulations of grime and debris: lint, 
for example, building up in a vacuum 


cleaner or flour accumulating on the 
inside of a food mixer. 

Much foreign matter can be wiped 
away by running a damp cloth around 
the inside of the appliance housing. 
Take care not to wet any wires. Deep¬ 
er cleaning can be accomplished by 
lightly vacuuming the motor, making 
sure there are no loose parts to be 
sucked into the vacuum cleaner. 


After a motor has been used for a 
while, oil that had been put on by 
the manufacturer may dry or cake, 
causing the shaft to freeze in its bear¬ 
ings. A few drops of light motor oil or 
sewing-machine oil in the right place 
(below and bottom) will correct the 
difficulty. But use the oil sparingly. 
Excess oil dripping onto motor coils 
may start a fire. 


SCREW 



MOTOR SHAFT 
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Loose bearing 

A loose bearing throws the motor shaft out 
of alignment The motor parts then scrape 
against one another, damaging their sur 
faces, and the bearing will wear badly be- 
caiTse of the eccentric motion To adjust a 
simple, straight bearing (left), tighten the 
screws that attach it to the housing, or in¬ 
sert a washer between the housing and the 
bearing to shore up one side 


MOUNTING 

BRACKET 


Self-aligning bearing 

The bearing above a mounted and lightly 
held ball in which a shaft spins-is self¬ 
aligning, because the hole in the mounting 
bracket allows a certain amount of move¬ 
ment If the oil that wasapplied during man¬ 
ufacture dries, freezing the motor shaft, 
apply a few drops where the shaft enters 
the bearing Then turn the shaft gently by 
hand until it moves freely 
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Clip-held bearing 

A common variant of the self-aligning bear¬ 
ing described above is hung by clips in its 
own housing and usually has oil ports for 
lubrication. In some models, the ports hold 
a felt wick that feeds oil as it is needed: in 
others, the port merely channels oil direct¬ 
ly to the bearing I n either case, periodically 
apply a few drops of oil at the port 
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Troubleshooting Small Motors 


Problem Possible Causes Solution 


Motor does not run 

Power not reaching motor 

Loose connection 

Worn brushes (universal motor only] 

Weakened brush springs (universal 
motor only] 

Faulty switch 

Check fuse or circuit breaker; 
receptacle [page 143]; cord [pages 
186-187] 

Correct as explained on pages 

186-187 

Replace brushes if brush length has 
worn to less than twice the width of 
brush holder 

Replace springs if they no longer 
hold brushes firmly against 
commutator 

Replace switch with one of same 
type 

Motor runs continuously 

Shorted switch 

Replace switch with one of same 
type 

Motor runs erratically 

Defective cord or plug 

See solutions above, under ' Motor 


Loose connection 

Worn brushes (universal motor only] 

does not run" 


Weakened brush springs (universal 
motor only] 

Faulty switch 


Motor overheats 

Dirty motor or clogged air intake 

Clean with vacuum cleaner 


Tight bearings 

If rotor or armature cannot be turned 
freely by hand, lubricate bearings 
[opposite] 

Motor blows fuses 

Rotor jammed in frozen bearings 

Lubricate bearings [opposite] 


Defective cord 

Replace cord [pages 186-187] 

Motor is noisy 

Worn bearings 

Tighten and lubricate bearings 
[opposite] 


Dirty motor 

See above, under "Motor overheats" 


Bent fan blades 

Straighten blades to clear housing 

Universal motor sparks 

New brushes 

Condition normal until brushes wear 
to fit contour of commutator 


Worn brushes 

See above, under "Motor does not 
run" 


Worn brush springs 

Replace springs 
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BLENDERS AND MIXERS 


Nearly half the homes with small appliances have a 
food blender or processor, descendants of a labo¬ 
ratory device for pureeing cultures that was moved 
to the kitchen. Blenders and direct-drive processors 
are similar in operation, but disassembly varies— 
sometimes in different models of the same make. 

The universal motor, used because its speed is 
easily regulated, is discussed on pages 190-191; 
it rarely breaks down. More vulnerable are the 
couplings linking the motor to the cutter blades. 
Two types of coupling are common, toothed-wall 
[right] and stud [opposite, bottom]. 
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The cutting mechanism 

The business end of a food blender the 
cutting mechanism that is whirled rapidly 
by the motor and bites into the food - is dis¬ 
assembled above A shaft links the cutter 
blades to the coupling at the bottom of the 
container, a bearing housing that is se¬ 


cured by a hexagonal nut holds the shaft 
in place; and a series of washers provide 
tight seals Each one of these parts can be 
replaced separately if it wears out The cut¬ 
ting mechanism disassembles easily, but 
in order to get at a defective part you must 
first detach the coupling from the shaft as¬ 
sembly (opposite, top) 


Detaching a motor coupling 

Lifting the container before the motor stops 
can damage the couplings between mo¬ 
tor and cutter assembly. In most blenders 
the couplings (above) are plastic, with a 
toothed part fitting one with spokelike in¬ 
ternal walls In the model sketched, the 
lower, or motor, coupling is walled and the 
upper, or shaft, coupling toothed, but the 
positions may be reversed in your own 
blender To remove a damaged motor 
coupling (below), use a screwdriver to 
keep the motor shaft from turning Then 
unscrew the coupling usually clockwise 
but counterclockwise in some models. 
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Detaching a walled shaft coupling 

Using a cloth to protect your fingers, grasp 
the blades firmly to keep them from rotat¬ 
ing. Then unscrew the walled shaft cou¬ 
pling, turning it gently clockwise. If it does 
not budge, however, the coupling on your 
model may come off counterclockwise; do 
not use force until you have made sure of 
the proper direction for disassembly 
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Detaching a stud motor coupling 

in some blender models the motor cou¬ 
pling consists of a metal stud that fits into a 
corresponding shaft coupling (left)- These 
parts wear rather than break, but they too 
must be replaced occasionally. The shaft 
coupling is removed by the method shown 


at top; the stud motor coupling calls for a 
different procedure because it completely 
covers the end of the motor shaft. Hold the 
motor stationary by thrusting a nail through 
a ventilating hole in the base and bracing 
it against one of the fan blades (above); 
then unscrew the coupling—clockwise Cor 
counterclockwise, depending on model). 
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BLENDERS AND MIXERS continued 


Food Mixers 

An electric food mixer, whether the 
pedestal type shown here or the por¬ 
table type discussed on pages 200- 
201, is basically an egg beater fitted 
with a motor. Of the two, the pedes¬ 
tal type is the more versatile but is 
heavier and more expensive. 

Some pedestal machines have as 
many as 12 different speeds—from 
slow for stirring up thick dough and 
heavy batters to fast for whipping 


cream or egg whites. The action of 
the beaters also will turn the mixing 
bowl for more thorough blending. 
On the more elaborate pedestal mix¬ 
ers, the motor shaft can be connect¬ 
ed to a variety of accessories—ice 
crushers, meat grinders, knife sharp¬ 
eners, juicers. They fit an opening on 
the housing face or top. 

The most common problems that 
develop in these sturdy machines 
are damaged beater gears (pages 
200-201) and a bowl that fails to turn; 
both are easy to correct. 
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Inside a pedestal mixer 


The mixer housing is hinged to the pedes¬ 
tal so it may be raised to remove the bowl 
and eject the beaters Inside the housing, a 
fan-cooled universal motor turns a long 
metal shaft, whose threaded end, called a 
worm, drives two beater gears. 


I The bowl sits on a turntable, which rests 
on ball bearings and spins easily to the 
touch When the beaters are in the bowl, 
they are off-center, closer to one side As 
the beaters revolve, they press the food 
against the side of the bowl, causing the 
bowl and the turntable to rotate slowly. 
Since an empty or nearly empty bowl will 
not turn, food is necessary to the operation 
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Mixers with slow-speed attachments 

Mixers that accept accessories at the front 
of the housing are designed to reduce the 
motor's rapid rotations into the slower, 
more powerful revolutions required by a 
meat grinder [below] or an ice crusher. 
The reduction is achieved by a secondary 
gear train. A spiral worm sits atop one of 
the beater gears; meshing with it is a wheel 
with a shaft leading to a coupling. The ac¬ 
cessories have a shaft that fits the coupling. 
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Mixers with high-speed attachments 

Mixers with an accessory fitting atop the 
housing accept attachments, like a juicer 
[above] and a knife sharpener, that oper¬ 
ate at high speeds and do not require ad¬ 
ditional power. Consequently, there is only 
a coupling atop one of the beater gears. 
The accessory shaft fits into this coupling. 

The top mounting calls for care in use Af¬ 
ter using a juicer, wipe around the opening. 
If sticky liquids drip into it, they can interfere 
with the smooth operation of gears. 



Making the bow! turn automatically 

A bowl that does not turn when the mixer is 
in use can easily be set right with a screw¬ 
driver. The problem is the distance of the 
beaters from the bowl bottom. If you hear 
metal striking the bowl, the beaters are too 
low; if you cannot hear any noise and the 
bowl does not turn, they are too high. 

To adjust, tilt the housing up and reset the 
adjustment screw on top of the pedestal. 
Turning the screw counterclockwise will 
have the effect of raising the beaters; turn it 
clockwise to lower them. Adjust the screw 
so the beaters touch the bowl bottom; then, 
make one full turn counterclockwise. 
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BLENDERS AND MIXERS continued 


Replacing a Food 
Mixer’s Gears 

What breaks down most often on a 
food mixer are the gears that con¬ 
nect the beaters to the motor. They 
are meant to. If they do not give way 
during a blockage of the beaters—a 
spoon or a spatula caught in the 
blades—the sudden stress can twist 
the beaters or burn out the motor. 

To provide fail-safe protection, the 
beater gears are made of soft plastic; 
thus they are easily worn or broken, 
and are inexpensive and simple to 
replace. The procedure shown on 
these pages works equally well with 
either hand or pedestal mixers. 


Getting at the gears 

To reach the beater gears of a mixer re¬ 
move the beaters and take the housing 
apart - most models, like the one at right 
have retaining screws that hold the top and 
bottom together If the switch is attached 
to the top. remove the switch-mounting 
screw so that you can lay the top aside. To¬ 
ward the front of the bottom housing, a 
metal retaining plate holds the beater gears 
in place and serves as a guide for the ejec¬ 
tor shafts Loosen the screws that secure 
this plate and put aside both the plate and 
ejector mechanism You can now lift the 
beater gears out of the bottom housing 


What the gears do 

A food mixer's motor shaft is machined in 
the form of a screwlike gear called a worm, 
which meshes with the two beater gears to 
turn the beaters This simple arrangement 
accomplishes three distinct purposes, the 
power from the horizontal motor shaft 
turns a corner to spin vertical beaters; the 
beaters rotate in opposite directions, and 
the difference in size between the worm 
and beater gears serves to change the high 
speed of the motor shaft to a slower beat¬ 
er speed with a greater turning force. 
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WORN 

TEETH 



Signs of gear defects 


FRACTURED 

SHAFT 

BROKEN 

TOOTH 


Concave grooves in the beater gear teeth 
[above, left], worn by friction between the 
metal worm and the plastic beater gears, 
may become so deep that the worm and 
the beater gears no longer mesh. More 
common is a broken gear tooth or a frac¬ 
tured shaft [above, right] that are caused 
by sudden stress. 



1 Getting the right replacements 2 Installing the new gears 


Note the mixer's make and model number, 
and take the old gears to the store. It is best 
to replace both, even if only one is defec¬ 
tive. Before installing new gears, lubricate 
them slightly with silicone gear grease. 


Slip the gears into place, with the arrow 
marked "L" on one gear pointing to the ar¬ 
row marked "R” on the other. If there are 
no arrows, turn the motor shaft by its fan; if 
the beaters clash, reposition the gears. 


Troubleshooting Food Mixers 


Problem 

Possible Causes 

Solution 

Motor dpes not run, runs 
continuously, runs 
erratically, overheats, 
blows fuses, or sparks 

Motor defective 

These problems are discussed in 
the troubleshooting chart for small 
electric motors on page 195 

Motor runs but beaters do 

Beater gears worn or damaged 

Replace beater gears 

not turn 

Beater shafts worn 

Replace beaters 

Pedestal-mixer bowl does 
not rotate 

Beaters too far from bottom of bowl 

Adjust beater clearance [page 199] 

Motor runs slowly 

Load too great for mixer 

Avoid stirring very stiff mixtures 

Mixer is noisy 

Beater gears dry or defective 

Beaters bent 

Lubricate or, if necessary, replace 
beater gears 

Straighten beaters 
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Food Processors 

Food processors differ from blenders 
and mixers in the higher speed of their 
shaft rotation. Interchangeable blades 
and cutting discs—which require the 
higher speed to function properly—al¬ 
low the machine to mix, blend, slice and 
shred a wide variety of foods. 

The first processors had motors con¬ 
nected directly to their blade shafts. The 
blades thus turned at the same speed as 
the motor. This type of processor, some 
models of which are still made today, 


relies on a relatively high-powered mo¬ 
tor. More recently designed models, 
however, incorporate a lower-powered, 
higher-speed universal motorfpages 
190 - 191 ), which runswith less strain. It 
is linked to a separate blade shaft by 
combinations of belts and gears that 
boost the power of its rotation. 

Because most processors operate for 
only a few seconds at a time, they typi¬ 
cal ly lasta long time and require little 
maintenance. Manufacturers supply re¬ 
placement kits for belts and pulleys on 
belt-driven processors, as well as re¬ 
placement gears, shafts and motors. 


BOWL COVER 
BOWL 


BOWL COVER 




-MOTOR SHAFT 

A direct-drive processor 

The motor is positioned underneath the bowl 
in this model, its shaft directly interlocked 
with the blade shaft. Most processors of this 
type run only at a single speed but have no 
belts or gears to break. 


"SHAFT PULLEY 


A belt-driven processor 

In this type of food processor, a ribbed belt 
connects the motor, via a small motor pulley, 
with a larger shaft pulley Reduction gears, 
which are shifted depending on the position 
of a control switch, permit the appliance to 
be operated at two speeds. The processor 
also has a pulse switch for short manually 
controlled bursts of power A safety switch 
prevents the motor from operating until the 
bowl cover is tightly closed 
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Replacing a belt 

Unplug the processor, detach the blade 
and bowl, and turn the body of the machine 
upside down. Remove the screws holding 
the bottom of the housing and lift it off. 
Remove the screws from the motor cover 
and lift the motor and its pulley up enough to 
slacken the belt. Slip off the old belt and re¬ 
place it with a new one. 



Changing the small pulley 

With the belt removed and the motor cover 
lifted slightly, insert a screwdriver between 
the motor fan blades to keep the motor shaft 
from rotating. Use a wrench to remove the 
reverse-threaded locknut. Slip the pulley off 
the motor shaft and replace it with a new one. 



Remouing the large pulley 

To pry off the speed nut that secures the 
large pulley and shaft, lightly tap a screw¬ 
driver in under the nut, then twist. Repeat this 
action at several locations around the edge 
of the nut. Once the nut is free of the shaft, 
slide the large pulley off and replace it. Final¬ 
ly, tap on a new speed nut and reassemble 
the food processor, replacing the belt, motor 
cover and housing base. 
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CAN OPENERS 

While a motor-driven can opener may not be in¬ 
dispensable, it makes one of the most monoto¬ 
nous and frequent kitchen chores a great deal 
easier-and at a modest cost. Its motor, though 
small and frugal in energy consumption, devel¬ 


ops great cutting power by means of ingenious 
gears [below, left). 

The major problem with these appliances is ac¬ 
cumulations of food that jam the cutting mecha¬ 
nism. Some cutter wheels must be unscrewed for 
cleaning [below, right); others simply slip off [op¬ 
posite). The cutter eventually dulls; it cannot be 
sharpened but is easy and inexpensive to replace 


OPERATING LEVER 


SWITCH BUTTON 



REDUCTION GEARS 


Opening a can 


Depressing an operating lever forces a cut¬ 
ter wheel through the lid, then presses the 
switch button to start the motor Arrows in¬ 
dicate the movement of gears and can Re¬ 
duction gears convert the motor s high 
speed to low drive-wheel speed increasing 
the turning force of the drive wheel, which 
revolves the can to open it (above, right) 
When the lever is released, the motor 
stops, a magnet pulls off the lid. 



DRIVE 

WHEEL 


How the cutter wheel cuts 

As the drive wheel turnsfs/?o/T blue arrow), 
sharp teeth on its edge rotate the can (long 
blue arrow) by gripping its rim from below 
Asthecan revolves, it turns the cutter wheel 
(white arrow), which slices through the lid 
just inside the rim, leaving a smooth edge. 


POST 


CUTTER WHEEL 



Cleaning or replacing the cutter wheel 

If a can opener works unevenly and if the 
cutter wheel does not rotate with the can, 
the wheel may bedul! or clogged with dried 
food Remove the screw that holds the cut¬ 
ter wheel to the post, then clean the wheel 
thoroughly If it is dull or chipped, replace 
the wheel and its spring 
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The idler gear wears sooner than the other 
reduction gears (the spur gear and worm) 
because it is frequently made of plastic for 
quieter operation . To replace the idler gear, 
remove the back of the can opener and the 
motor by unscrewing them. Hold the spur 
gear with one hand, protecting your fingers 
from the gear teeth with a rag. Remove it 
by using pliers to unscrew the drive wheel, 
covering the drive wheel with a rag to pro¬ 
tect the teeth. Once the spur gear is re¬ 
moved, the idler gear slips out. When 
replacing the gears, lubricate them lightly 
with petroleum jelly. 


RELEASE 

BUTTON 



An easier-to-remove cutter wheel 

Some can openers have a release button 
that lowers a retaining plate [arrow], free¬ 
ing the pivot post so the operating lever and 
the cutter wheel can be removed as a unit 
and washed with the rest of the dishes. Be¬ 
fore replacing the lever, apply petroleum 
jelly to the cutter-wheel shaft. 



Repairing the switch button 


When the can opener does not work, its 
switch button may be at fault. Unplug the 
can opener and remove the contact cover 
plateffopj. If the movable contact does not 
touch the stationary contact when the but¬ 
ton is pressed, gently bend the stationary 
contact up with needle-nose pliers. 
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ELECTRIC KIMIUES 

I An electric knife makes neat carving effortless by 
combining power, speed and a special cutting ac¬ 
tion. Through an ingenious arrangement of a sim¬ 
ple gear, a motor drives two serrated blades in a 
back-and-forth motion that reverses itself as fast as 
50 times per second Each blade acts as a small 


saw. together, they produce a high-speed sawing 
and shearing action that enables a novice carver 
to turn out professional-looking slices. 

Despite a wide variety of switch styles, blade- 
release mechanisms, housings and handles, all 
electric knives-including the cordless, battery- 
powered ones-operate on the same principles. 
The parts most vulnerable to damage or wear can 
easily be replaced (opposite). 


SWITCH 


RETAINING SPRING 



Inside the knife 


Except for the detachable blades, all the 
parts of an electric knife are located inside 
or upon the handle The motor shaft ends 
in a two-part worm gear that converts the 
shaft's rotary motion into a back-and-forth 
motion in the driver-retainer assemblies 
[right] that hold the blades. 


A switch on top of the handle, closed by a 
light touch of the thumb, turns the motor 
on In some models, this switch can be 
locked in theon position for continuous op¬ 
eration or in a safety position to prevent 
accidental starts 


The worm gear-consisting of the spirally 
grooved motor shaft meshing with a cog¬ 
wheel-has a rotary motion [curved ar¬ 
rows], But the wheel has an off-center pin 
on each side; these pins move eccentrically 
as the wheel revolves, pushing and pulling 
the driver-retainer assemblies [straight ar¬ 
rows] When one pm is forward the other is 
back, imparting a straight-line, back-and 
forth motion to the knife blades 
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DETACHABLE 
BLADES 



Disassembling the knife 

In the exploded view above, an electric 
knife has been dismantled for the replace¬ 
ment of damaged parts. (Motor problems 
are discussed on page 195.) In disassem¬ 
bling. note the order in which you remove 
parts. First, unplug the knife. Take off the 
blades; then remove the screws securing 
the top of the handle and lift this part of the 


housing off. (If your knife is the battery- 
powered type, do not disconnect the bat¬ 
tery; avoid touching wires, however, and 
lock the switch in the safety position.) Re¬ 
move the four screws from the bracket that 
fits over the worm-wheel and the driver- 
retainer assemblies. Liftoff the bracket and 
the retaining plate that holds down the 
bearing through which the motor shaft 
runs. The remaining parts lift out. 



Checking the driuer-retainer assembly 

Subjected to constant and rapid vibration, 
a driver-retainer assembly rarely lasts as 
long as the blades or motor, Cracks may 
develop around the slot in which the off- 
center pin rotates, and the spring that se¬ 
cures the end of a blade may break. You 
must replace the entire assembly because 
its components are riveted together. 

UNDAMAGED 



Checking the worm wheel 

The designers deliberately make the worm 
wheel the most fragile part in an electric 
knife.. Formed of plastic or fiber, it will give 
way if the blades meet sudden stress, thus 
protecting the motor Even under normal 
operation the wheel’s teeth wear down and 
its off-center pins crack. Replace the wheel 
only; reuse the other parts of the assembly. 


207 






































Cordless Appliances: 

l\leuu Convenience from Improved Batteries 


Batteries are the oldest source of useful electric 
current, but they never have been so busily em¬ 
ployed as they are now. From electric tooth 
brushes and hearing aids to grass clippers and 
carving knives, battery-powered cordless electric 
appliances are increasing in diversity and useful¬ 
ness, principally because of the development of 
small, long-lived and efficient batteries, and im¬ 
proved devices to use with them. 

The principle of the battery was discovered in 
the late 1780s, when Luigi Galvani, professor of 
anatomy at the University of Bologna, noticed 
that dissected frogs’ legs twitched when hung by 
copper hooks against an iron railing. Galvani’s 
observation led to the harnessing of an electro¬ 
chemical process called ionization. This process 
depends on the fact that the atoms of many met¬ 
als, such as copper, iron and zinc, will, if in a 
chemical solution like that in a frog’s body, read¬ 
ily give up electrons, the negatively charged 
atomic particles that make up electric currents. 
The zinc atom, having lost a negative charge 
through the departure of an electron, becomes 
electrically unbalanced—it is a charged atom, 
also called an ion. If metal atoms ionize contin¬ 
uously, the steady stream of electrons they re¬ 
lease can flow through a conductor as an electric 
current. This continuous ionization of atoms is 
what makes a battery produce electricity. 

All batteries have two electrodes, or electrical 
contacts, one called the cathode and one called 
the anode. Zinc, for example, makes a good an¬ 
ode. The electrodes are immersed in an electro¬ 
lyte, a liquid or paste composed of highly active 
ions. When the electrolyte ions touch the zinc an¬ 
ode, the zinc atoms ionize and combine with the 


electrolyte ion, forming a neutral compound. The 
electrons that are left over from this chemical re¬ 
action accumulate on the anode, giving it a neg¬ 
ative charge. At the same time, the positive 
electrolyte ions are attracted to the cathode, giv¬ 
ing it a positive charge. 

The secret of making a good battery is this: one 
of the electrodes must give up many more elec¬ 
trons than the other. Two zinc electrodes would 
produce no current since the charges would be 
the same on both. But one electrode of zinc and 
one of copper generate a current since the 
charge on the zinc is less than on the copper. 
Some kinds of batteries are made to be thrown 
away when their electrodes are consumed and 
the batteries no longer generate power. Throw¬ 
away cells by the billions have powered flash¬ 
lights since about 1900. But there is another type 
of battery that can be recharged. Its chemical re¬ 
actions can be reversed by sending a current 
through the cell in a direction opposite to that in 
which current flows when the battery produces 
power. The recharging rejuvenates the elec¬ 
trodes, and the battery is ready for work again. 

While old-style storage batteries are too large 
for portable use, the new generation of storage 
batteries is small, powerful and easily recharged 
hundreds of times. For cordless appliances such 
as the ones described on the following pages, 
the nickel-cadmium battery is almost always the 
power source. Although nickel and cadmium are 
expensive materials, several recent technological 
developments have made nickel-cadmium bat¬ 
teries suitable for small appliances. Ways have 
been found to make them small enough for 
hand-held appliances and inexpensive enough 
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CORD TO 
HOUSE CURRENT 


BATTERIES 


Recharging cordless appliances 

A cordless appliance such as an electric 
toothbrush comes with a nickel-cadmium 
battery that maybe recharged several hun¬ 
dred times by setting it into its recharging 
stand. This action closes contacts starting 
the operation. In this drawing parts con¬ 
tained within the appliance housing (not 
shown] are pictured in light blue and the 
parts that make up the recharging stand, as 
well as an optional cord, are in dark blue. 
Energy for recharging the batteries, or for 


powering the motor directly through the 
cord, is drawn from a house receptacle. A 
transformer reduces the voltage from 120 
to five or six volts, and rectifiers convert 
the alternating current to direct current. A 
discharged battery requires 18 hours of re¬ 
charging; heat produced by the transform¬ 
er and rectifiers is absorbed and dissipated 
by a substantial metal plate, or heat sink. If 
the cord is used to run the appliance on 
house current the battery needs less fre¬ 
quent recharging and the device always is 
ready to operate at the flick of the switch. 


SWITCH 



to be practical for cordless toothbrushes, grass 
clippers, shavers and electric knives. 

But even the improved nickel-cadmium batter¬ 
ies are not, in small sizes, powerful producers of 
electricity. Their popularity depends on two de¬ 
velopments of recent years. One is motors that 
run effectively on little power. They are small and 
light, but more important, they get by without the 
electrical field coils in other motors [page 190); 
to create the essential magnetism ordinarily pro¬ 
duced by field coils, they have permanent mag¬ 
nets. Dispensing with the field coils, of course, 
dispenses with the electricity field coils consume. 

Even the small amount of power that such a 
motor demands drains a battery fairly quickly. 
The development that solves this problem is a re¬ 
charging device. Recharging requires running 
current through the battery backward, that is, in 
a single direction. If house current is to be used, it 
must be converted from the back-and-forth flow 
of AC to the steady flow of DC. The accessories, 


called rectifiers, that achieved this conversion 
used to be substantial gadgets containing large 
vacuum tubes. But the electronics revolution that 
brought the transistor also provided an equally 
small and cheap silicon rectifier-a chip of treat¬ 
ed silicon with the convenient property of trans¬ 
mitting electricity in one direction only. 

The silicon rectifier made recharging easy. The 
appliance is simply plugged into a stand connect¬ 
ed to house current and containing a transform¬ 
er to regulate voltage [page 177) and a silicon 
rectifier to change AC to DC. While the appliance 
waits to be used again, its battery rejuvenates. 

A major disadvantage in many cordless appli¬ 
ances is that they are manufactured in such a way 
that they cannot be taken apart economically and 
repaired; when anything, including the long-lived 
battery, fails, the whole device must be replaced. 
But cordless devices are convenient and where 
a live cord would be limiting or dangerous, they 
are preferable to appliances using house current. 


































GARBAGE DISPOSERS 


Garbage disposers that attach to the kitchen sink 
and grind up food wastes are nearly as common 
nowadays as the kitchen sink itself. They have be¬ 
come standard equipment in many new houses 
where local sewage lines are large enough to han¬ 
dle the load. (If you have a septic tank, check the 
chart on page 119 for the extra capacity a dispo¬ 
ser requires.) Some disposers have built-in over¬ 
load devices that cut the motor off whenever it 
jams or overheats. 

The unit is suspended from the sink bottom by a 
flange and secured by heavy screws. Garbage 
drops through the mounting into the hopper, 
which, in this typical installation, is also connected 
to the dishwasher outflow. Garbage from the sink 
and food particles from the dishwasher fall onto a 
turntable where they are ground up and then 
flushed out the drainpipe with water from the tap, 
as indicated by the arrows in the drawing at right. 
Disposers are durable; the most frequent problem 
is failure of a motor seal [below], which requires- 
J the unit to be removed [opposite] and disassem- 
| bled [following pages]. 



How the disposer works 

There are two general kinds of disposers; 
one runs continuously when the switch is 
turned on, the other is activated by twisting 
the cover after each batch of garbage is fed 
into it. Both of them need running cold wa¬ 
ter to flush the material through, and both 
function in the same way 

The turntable does the main work of the 
disposer. It is simply a perforated metal 
disc, with two impeller blades, that is fas¬ 
tened to the motor shaft by a locknut As 
garbage reaches the turntable, centrifugal 
force flings it outward where it is caught 
between the impeller blades and the cut 
ting edges of the grind ring This process 
shreds and grinds food wastes into parti¬ 
cles that are small enough to pass with the 
cold water through the holes in the turn¬ 
table and out the drain. 

If water drips from the disposer, the fault is 
usually a worn seal, which lets water seep 
out a weep hole and onto the floor The unit 
should be removed and the seal replaced 
Cpages 212-213] promptly, or water may 
get into the motor and damage it 
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Disconnecting the disposer 

After turning off power to the disposer cir¬ 
cuit at the service panel, disconnect the 
wires at the disposer's bottom. Keep in 
mind that they must be reconnected ac¬ 
cording tocolor—black to black, and white 
to white, with the ground wire securely at¬ 
tached. Next, loosen the screw on the 
clamp around the dishwasher hose and 


unscrew the slip-joint nut on the drainpipe 
connection. As you loosen the screws from 
the sink mounting, keep a firm hand un¬ 
der the disposer so it will not fall. 

Once the unit is free of the sink, use a 
screwdriver to pry open the insulated cov¬ 
er at the seam; it should snap off easily 
Then dismantle the machine by the meth¬ 
od described on the following pages. 
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GARBAGE OISPOSERS continued 



GASKET 

INSULATED COVER 

GRIND RING 


STATOR 


GASKET 


ROTOR 


Dismantling the disposer 

Once the insulated covering is oft (page 
211), unscrew the hopper bolts and re¬ 
move the hopper from the motor housing, 
being careful to lay aside the gaskets and 
grind ring in the proper sequence for reas¬ 
sembly Remove the motor bolts from the 
bottom of the stator, and lift out the motor 
housing and rotor 


MOTOR BOLTS 


LOCKNUT 

TURNTABLE 


HOPPER BOLTS 


HOPPER 
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Replacing the seal unit 

Because the rotor and the turntable revolve 
together, you will have to immobilize the ro¬ 
tor with one hand before unscrewing the 
locknut. You can now take off the turntable, 
exposing the spacer and the seal unit di¬ 
rectly beneath it [far left]. Take off the spa¬ 
cer, and lift out the seal unit. 

The typical seal unit consists of three parts: 
a carbon ring, a flexible boot, and a brass 
ring that fits into the top of the boot. Inside 
the boot is a spring that pushes the rings to¬ 
gether. The highly polished surfaces of the 
two rings enable the carbon ring to rotate 
on top of the stationary brass ring without 
letting water seep between them. 

Examine the surfaces of the rings to deter¬ 
mine whether dirt has come between them 
and unseated the seal, Also, look over 
the rings for nicks or scars, and inspect the 
boot for tears. If there is any evidence of 
damage, the entire seal unit should be re¬ 
placed. Remember that the seal is delicate 
and that its ring surfaces must be perfectly 
smooth. In reseating the seal, handle the 
rings with care because even new parts 
can be damaged by rough treatment. 


Troubleshooting Garbage Disposers 


Problem 

Possible Causes 

Solution 

Disposer does not run 

Power not reaching disposer 

Circuit breaker or overload protector 
tripped 

Check fuse or circuit breaker 

Push reset button or let motor cool 

Leaks at sink flange 

Loose mounting 

Defective gasket 

Tighten nuts 

Replace gasket 

Leak from weep hole 

Unseated or worn seal 

Replace seal [above] 

Slow grinding 

Undisposable matter in hopper 
Damaged impeller 

Dull cutting edges 

Insufficient water flow 

Remove matter 

Replace turntable 

Replace grind ring 

Open faucet fully 

Jammed 

Object stuck between impeller and 
grind ring 

Manually move impeller backward to 
free debris 

Excessive noise or 
vibration 

Undisposable matter 

Broken impeller 

Damaged motor bearings 

Remove clogged matter 

Replace turntable 

Take disposer to service center 
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HUMIDIFIERS 

In winter, you may have a dry throat, feel chilly even 
though your heating system is working fine, and 
find that your wood furniture is warping The rea¬ 
son is simple: heated air absorbs moisture from 
the objects it surrounds. The cure is also simple: a 
humidifier, which adds moisture to the air 


If you heat your home with forced warm air, you 
can incorporate a humidifier in the central heating 
system. If you have steam, hot-water or electric 
heat, you can use portable one-room humidifiers 
like the two on these pages. Both pull air through a 
wet pad, evaporating moisture from the pad to in¬ 
crease the amount of water vapor in the room. 
Most portable humidifiers are turned on and off 
manually, but a few have automatic controls. 


BACK GRILLE 
HOSE 


EVAPORATION PAD 


A mouing-pad humidifier 


To moisten dry air, the humidifier below 
uses a beltlike evaporation pad made of 
a highly absorbent, spongelike plastic that 
is stretched over two rollers The lower sec 
tion of the pad is submerged in a reservoir 
of water A small motor turns the top roller, 
rotating the pad (curved arrow) to keep it 
wet, the fan draws dry air into the humidi¬ 
fier through a grille at the back [straight 
arrow), forces it through the wet pad, then 
through the front grille into the room Afloat 
in the reservoir is linked to an indicator; as 
the water level falls, the indicator signals 
that the reservoir needs refilling. Drawings 
at right show how to replace the pad. 


The pad in the above type of humidifier is 
kept wet by a pump that forces water 
through a plastic hose (small arrows) to a 
trough, from which it trickles down over the 
pad A blower pulls dry room air through a 
grille at the back of the cabinet, through the 
wet pad. and then out into the room [large 
arrows) Like the humidifier at right, this 
model also uses an indicator and float. 


Both the evaporation pad. which can clog 
with mineral deposits from hard water, and 
the hose, which may clog or crack, can be 
replaced (The pad assembly is removed 
by the procedure shown for removing a 
rotating-pad assembly at right: the hose is 
simply pulled from its metal fittings) To 
prevent bacteria build-up and unpleasant 
odors in this or any humidifier, pour a dis¬ 
infectant recommended by the manufac¬ 
turer into the reservoir once a month, and 
clean the reservoir pan with warm water 
and mild soap every two months 



WATER 
RESERVOIR 


FRONT GRILLE 


INDICATOR 
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Removing a rotating-pad assembly 

To remove a rotating evaporation pad, un¬ 
plug the unit and take out two screws at the 
top back of the cabinet [below], releasing 
the pad assembly. Tilt the assembly partly 
out of the cabinet [curved arrow, above], 
unplug the pad-motor cord from its outlet 
inside the cabinet and pull the assembly up 
and out [straightarrow]. 


CABINET 

SCREWS 


ADJUSTMENT 

PLATE 

ADJUSTMENT 
SCREW 


Disassembling the pad assembly 

Unscrew and remove the three adjustment 
plates; if the two bottom plates are badly 
corroded, scour them with a wire brush 
and a mixture of equal parts of white vin¬ 
egar and warm water. Bow the wire rack 
slightly at the center and snap it out of the 
frame; then carefully pull out the bottom 
roller. Important: Do not bend the frame in 
this step of the job. 

To replace a defective pad motor, remove 
its two mounting screws, remove the plug 
and pull the motor from the frame. (Save 
the plug; the replacement motor will come 
with a cord attached, but no plug.) If the 
motor is working well, leave it in place; you 
can simply pull the top roller off as you 
would a paper-towel tube out of its holder 
-but be careful not to bend the motor 
shaft. The pad is now free. If it is worn thin 
or badly misshapen, replace it. If it is just 
dirty, soak it overnight in the water-vinegar 
solution; rinse and knead the pad gently, 
but do not wring or stretch it. When reas¬ 
sembling, raise or lower the adjustment 
plates to make the pad uniformly taut. 


ADJUSTMENT 

SCREW 



BOTTOM ROLLER 
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CLOCKS AND TIMERS 

Electric clocks and timers have motors or micro¬ 
chips that operate in exact synchronism with the 60- 
per-second alternations of AC power-as long as 
the powerhouse generator runs on time, so does the 
clock. Some timekeepers, such as the digital clock 


shown opposite, top, are sealed in capsules, if they 
fail, they must be discarded. Others, such as the 
clock and timer below, have accessible workings. 

In a clock that is not completely sealed, the ro¬ 
tor unit-which is susceptible to wear because it 
runs constantly at high speed-can be taken out 
easily and a new one installed. Other repairs de¬ 
mand professional skill. 



How electric clocks operate 

The motor of a clock keeps step with cur¬ 
rent alternations because the magnetism 
induced by current in the field coil keeps 
step The motor turns a rotor [right] that 
through reduction gears, rotates a pinion 
The pinion moves gears behind the clock 
face to rotate the second hand once a min¬ 
ute. the minute hand hourly the hour hand 
every 12 hours The time-set gear disen¬ 
gages the hands so that they can be reset 


Replacing a rotor 

When a clock's hands do not move but the 
motor hums, the trouble likely is in the ro¬ 
tor unit To replace the unit, unplug the 
clock and remove the field-coil screws The 
field coil and the rotor unit will come out to¬ 
gether Separate them and insert a new 
rotor unit be sure the pinion engages the 
teeth of the second-hand gear An odor of 
charred insulation signals a rare field-coil 
failure Coils are not readily replaced 



PINION 
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ALARM BUZZER 


NINE-VOLT BATTERY 



LIGHT-EMITTING DIODE 


CLOCK CHIP 


How a digital clock works 

The transformer at the back of this compact 
alarm clock reduces normal household cur¬ 
rent to nine volts. This current flows to a clock 
chip, a tiny microprocessor that automatical¬ 
ly counts the current cycles and records 
them in individual registers—or electronic 
compartments—for minutes and hours. 
These registers control the light-emitting di¬ 
ode [LED) face, which displays the time. 
Should the house current fail, a nine-volt bat¬ 
tery provides backup power. On top of the 
battery case is the alarm, a disc that vibrates 
rapidly in response to an electrical current, 
emitting a steady, high-frequency buzz. 


The 24-hour timer 

Timers—either wall-mounted ones like that 
shown here or plug-in models—use clock 
motors. But on a timer, the entire face rotates, 
rather than just the hands, as on a clock. On 
the rim of the face are adjustable trippers that 
open or close switch contacts, thus starting 
or stopping appliances at the times corre¬ 
sponding to the positions of the trippers on 
the face. A manual switch can be flipped to 
bypass the time settings. 



SLIDER BAR 
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VACUUM CLEANERS 


When the electric vacuum cleaner was introduced 
in 1908, it weighed 60 pounds. Since that first 
model, which looked much like the modern up¬ 
right below, vacuum cleaners have become light¬ 
er. sleeker and more efficient. They have taken 
new shapes [opposite). Mechanical parts have 
been refined. But, basically, vacuum cleaners 
work as they have from the beginning. A universal 
motor [pages 190-191) drives a fan that blows air 
through the appliance, creating a partial vacuum 
that sucks up dust and debris, and deposits them 
in a bag The air flows through the bag’s porous 
walls back into the room. How the three types of 
household vacuum cleaners—upright, canister 
and tank-achieve their results is explained on 
these two pages. What to do when the air stops 
flowing is detailed on the following pages 



The upright cleaner 


The upright, which is shown here with its 
hood cut away, is especially effective for 
cleaning rugs because it is equipped with a 
spinning beater brush. When the motor is 
turned on by the switch on the handle, it ac¬ 
tivates the fan and a rubber drive belt that 
rotates the brush in the nozzle [small ar¬ 
rows] The whirling bristles loosen up dirt 
and whisk it out of the rug into the air flow 
[large arrow] created by the fan. The air 
stream pulls the dirt in through the nozzle 
and up into the dust bag on the handle 


DUST BAG 
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The canister cleaner 

The canister (rightj employs suction that is 
stronger than in an upright because the mo¬ 
tor is more powerful. The canister’s detach¬ 
able parts are less cumbersome than an 
upright’s for cleaning drapes, window sills, 
and other above-floor areas. 

For floors, one end of a flexible hose is 
snapped into the canister inlet port; its other 
end fastens to a metal wand and floor nozzle, 
which on some models contains its own 
small motor and a set of beater brushes. 
When the cleaner is on, air and dirt are pulled 
directly into a dust bag inside the canister 
top. Air escaping from the bag flows past fan 
and motor housing, and out through a side 
exhaust port (arrowsJ. 

INLET 


The tank cleaner 

Except for its different shape and the hori¬ 
zontal, rather than vertical, grouping of its 
internal parts, the tank cleaner below is basi¬ 
cally the same as a canister type. 

With its attachments, the tank cleaner, like 
the canister, can penetrate the nooks and 
crannies that an upright cannot reach. Its 
special advantage is that its shape permits it 
to be perched on staircases for easy clean¬ 
ing of stairs and stair runners. 



Air flow of a canister or tank cleaner 

In the cross-section drawing of the tank 
cleaner [left], the arrows indicate the path 
air travels. Because the dirt is trapped im¬ 
mediately upon entry into the cleaner and 
only the air moves past the fan and motor 
housing, these parts stay relatively clean. A 
canister cleaner works the same way. 
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VACUUM CLEANERS continued 


Cleaner Repairs 

Most vacuum cleaners get a lot of 
abuse. They are hauled about merci¬ 
lessly by their electric cords, to the 
cords’ damage. They are allowed to 
swallow hairpins and buttons, which 
clog nozzles and hoses. They are 
used on newly shampooed—and still 
damp—rugs, and so pick up moist 
dirt that gets into motors. Yet, when 
a cleaner malfunctions, the problem 
is often easily solved 
The most common complaint is in¬ 
adequate suction, which is generally 


the result of failure to empty or re¬ 
place the dust bag. A nearly full bag 
reduces the air flow. If the bag is not 
the source of the trouble, a clogged 
hose may be. To check a hose for 
blockage, disconnect it, turn on the 
cleaner’s motor, and place a hand 
over the air intake If the pull on your 
hand is strong, the hose is the prob¬ 
lem. To clear a hose, attach it to the 
cleaner’s outlet port, take the ma¬ 
chine outdoors and turn it on to blow 
out the debris. Pins and paper clips 
caught crosswise are almost impos¬ 
sible to dislodge—check for them by 
dropping a quarter through the hose. 


If blowing fails, you can carefully 
poke either a broom handle or a 
length of heavy plastic-coated wire 
through the cleaner’s hose. 

If clogging recurs frequently, you 
probably need a new hose, which is 
simple to install (right). If neither dust 
bag nor hose is at fault, check the 
gaskets for holes or brittleness. Re¬ 
place worn gaskets. 

If the motor will not start, the cord 
may be faulty. To check or repair it, 
see pages 186-187. On an upright, 
the drive belt may stretch or beater¬ 
brush bristles may wear—replacing 
may be necessary (below). 



1 Removing a stretched drive belt 

Lay the cleaner on the floor, bottom up Re- 
movethe belt cover plate Note whether the 
belt is stretched flat, or is twisted; a new one 
must go in the same way Lift the belt from 
the motor-shaft pulley, remove the beater 
brush and slide the belt off 


2 Inserting a new drive belt 

Place a new belt in the center groove of the 
beater brush; snap the brush into place. 
Remove bits of old rubber from the pulley 
and stretch the belt around it, align the side 
nearest the metal surface with the arrow on 
that surface. Replace the cover 







1 Taking apart a worn beater brush 

Brushes of some beaters unscrew, others 
snap out of the nozzle cavity A metal plate 
covers each end of the beater brush Grasp 
the plates and twist them in opposite direc¬ 
tions (arrow) One of the metal plates will 
unscrew and come off 


2 Loosening the second end plate 

At the end where the plate has unscrewed, 
use a screwdriver to pry off an inner metal 
flange With the screwdriver's handle, tap 
the protruding end of a shaft housed in the 
beater-brush core This releases the plate 
at the other end of the beater brush 
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1 Removing hose fittings 

If a hose must be replaced, you can gen¬ 
erally reuse the old fittings. Rubber fittings 
can be twisted off. To remove metal or plas¬ 
tic ones, use a knife to cut through the hose 
about two inches from each fitting end. 
With pliers, pull out loose ends of spring 
wire from hose and fittings. Remove any 
bits of fabric clinging to the fittings. 


2 Gluing the hose and fittings 

Buy a new hose without fittings at an appli¬ 
ance repair shop. Brush white glue on the 
inside of each fitting and on the outside of 
the hose at the ends where they will join. 
Spread the glue on the hose a distance 
equal to the length of the fitting collar [dot¬ 
ted line]. Coat the hose ends with glue to 
prevent frayed fabric edges. 


3 Joining the hose and fittings 

At the points where they have been coated 
with glue, firmly push the ends of a fabric- 
type hose into the fittings [arrow]. If the 
hose is of the plastic corrugated type, 
screw it into the fitting. Let the glue dry for 
24 hours before using the hose. 




3 Removing the plate and shaft 

Carefully pull the newly loosened end plate 
and the attached shaft from inside the beat¬ 
er brush. They lock the brushes on and, 
once removed, permit their replacement 
Upend the beater-brush core to shake out 
dirt, then wipe it clean with a damp cloth. 


Changing the bristles 

With a screwdriver, carefully push the bris¬ 
tle bars off the brush channels. Slide new 
bristle bars into the channels. Lubricate 
bearings at the beater’s ends with sewing- 
machine oil. Replace worn washers and re¬ 
assemble the beater brush. 
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SEWING MACHINES 

If any one machine verifies Yankee ingenuity., it is 
the sewing machine American inventors of the 
19th Century, improving on one another's im¬ 
provements, devised a machine so fast in opera¬ 
tion. it outstitched the swiftest hand-seamstress; so 
precisely built, its tolerances were measured in 
thousandths of an inch; so durable, it could last a 
lifetime, and so easy to use, it found markets in 


primitive lands. Most important, it did something 
quickly and easily that before had been done only 
laboriously—it used two threads in each stitch, 
locking them together for durability. 

The improvements did not stop there. Engineers 
of this century contributed the useful and decora¬ 
tive zigzag stitch-in machines built so solidly they 
all but defy the assaults of amateur repairmen. In 
fact, except for an easy resetting of thread tension, 
repairs are better left to specialists. But oiling is still 
needed once every three or four sewing hours. 


STITCH¬ 

TIGHTENING 


CONNECTING 

RODS 



LOWER 
DRIVE SHAFT 


The needle drive [dark blue], bobbin drive 
(light blue) and feed dog" drive (grayish 
blueJ contain the major moving parts of a 
sewing machine; many of them change di¬ 
rection in operation [arrowsJ. As a motor 
turnsthe main drive shaft, connecting rods 
move the needle bar and stitch-tightening 
arm A lower drive shaft shifts the feed dog 
to draw cloth under the needle and also ro¬ 
tates the bobbin hook The presser foot 
holds the cloth as the hook loops a thread 
from the needle around a bobbin thread in 
a lock stitch [pages 224-225]. Many sew¬ 
ing machines also have gears to push the 
needle bar side to side for zigzag stitches. 


























































CHECK SPRING 


THREADSLOT- 

TENSION SPRING - 

BOBBIN CASE- 



BOBBIN 


STITCH-TIGHTENING 

ARM 


A specia! needle for machine stitches 

A sewing-machine needle differs signifi¬ 
cantly from ordinary needles. Not only is 
the eye near the point, but into the blade are 
cut two grooves, one long and one short. 
As the needle lifts, the thread fits into the 
long groove located on one side of the nee¬ 
dle; the short groove on the other side forc¬ 
es the thread to form the loop needed for a 
lock stitch. One side of the needle shank 
may be flattened to make proper installa¬ 
tion easy. The relationship of the needle eye 
to the hook surrounding the bobbin case is 
so precise that a needle too long will break 
off, and one that is too short will not meet' 
the hook to form a stitch. 


The bobbin: a second spool of thread 

The bobbin, a small spool that fits in the 
base of the machine below the needle, is 
the source of the second th read needed for 
a lock stitch. It is wound Cand rewound, 
when it becomes empty) with the same 
kind of thread as that on the spool that 
feeds the needle. After the bobbin is put 
in the bobbin case, its thread is passed 
through a diagonal slot and under a spring 
that presses it against the case to keep it 
taut as the sewing machine stitches. 


NEEDLE 
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The path of the needle thread 

The needle thread follows a circuitous path 
from spool to needle, going first through 
a thread guide, then between adjustable 
thread-tension discs, and under the check 
spring. Pressure on the thread at the ten¬ 
sion discs determines how taut it will be; the 
wrong tension can break the needle thread 
or cause snarled, loopy stitches. 

The stitch-tightening arm, which pulls the 
stitches snug, is the next station. 0 ne or two 
more thread guides lead the thread to the 
needle, which it enters from front or side, 
depending on design. Bobbin thread re¬ 
mains under the base 
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SEWING MACHINES continued 



1 Start of a sewing-machine stitch 

A sewing machine loops one length of 
thread around another in a lock stitch, 
which derives its strength from the tight 
grip the interlocking threads have on each 
other in the seam. Even if one thread 
breaks, adjacent stitches will not unravel. 

The machine moves needle, cloth and feed 
dog (■small arrows] while the bobbin spins 
[broadarrow]. First the needle pushes the 
thread through two pieces of cloth that 
the feed dog has advanced As the needle 
starts down, the feed dog retracts The 
presser foot holds the cloth taut so the nee¬ 
dle can easily pierce it. and the hook rotates 
or oscillates into position 


2 Forming a loop 

As the needle begins to rise, the thread on 
the short-groove side of the needle re¬ 
mains beneath the cloth, and forms a loop. 
There is no loop on the opposite side of the 
needle because the thread fits snugly into a 
long groove in the needle blade and rises 
with the needle 

As the loop appears, the hook moves to 
catch it behind the bobbin thread The re¬ 
tracted feed dog begins its shift to advance 
the cloth for the next stitch. 


224 





































































































3 Making the loop bigger 

As the needle, rising toward the top of its 
stroke, comes out of the cloth, the hook 
continues to enlarge the loop by pulling the 
needle thread down from the needle’s eye. 
Moving a little farther, the hook passes one 
side of the enlarged loop of needle thread 
over the bobbin and the other side under it. 
thus trapping bobbin thread inside a loop 
of needle thread. 

As the sewing machine completes a stitch, 
the feed dog is raised, and becomes ready 
to bite into the cloth again. 


4 Pulling the stitch tight 

To complete the stitch, the stitch-tightening 
arm near the top of the sewing machine 
pulls upon theneedlethread. Ittightens the 
loop of needle thread around the bobbin 
thread and pulls the stitch up into the pieces 
of cloth. The hook turns or oscillates be¬ 
hind the bobbin thread, but there is no loop 
this time for it to catch (a loop for the next 
stitch will be ready and waiting for the hook 
the next time it comes by]. 

The feed dog has now gripped the fabric 
again. When the loop is pulled tight, it will 
shift the fabric, and the needle can come 
down once more to start another stitch. 
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SEWING MAGHINES continued 



Correct needle-thread tension 

A middle setting of the thread-tension dial 
provides the right needle-thread tension for 
many combinations of fabric, thread and 
stitch It should make a seam that looks like 
the one at left; needle thread and bobbin 
thread locked tightly together part way into 
the fabric, and a strong row of stitches be¬ 
tween the two pieces of cloth. 


Too little tension 

The appearance of loops on the underside 
of a seam signals insufficient needle-thread 
tension, which allows too much needle 
thread to go into the stitch. This kind of 
stitch is little better than nostitch at all, since 
the bobbin thread can easily be pulled out 
ofthe needle-thread loops. To correct such 
a loose stitch, turn the dial clockwise to 
increase tension. 


Too much tension 

Too taut a needle thread pulls the bobbin 
thread all the way upthroughtheseam. Be¬ 
sides causing the cloth to pucker, this ten¬ 
sion also makes a weak stitch, as the 
needle thread can be pulled from under the 
bobbin thread loops. To adjust, turn the dial 
counterclockwise to a lower setting that will 
decrease the tension 



Thread tensioner calibration 

If adjusting the tension dial does not im¬ 
prove the stitches, the thread tensioner 
may need calibrating Loosen the setscrew 
and unscrew the knob, then pull the dial 
off the shaft Thread the sewing machine 
through the tension discs, but do not pass 
the thread under the check spring. 

With the presser foot down, turn the ten¬ 
sion shaft back and forth until there is just 
the slightest drag on the thread when you 
pull it To test the tension, raise the presser 
foot to release all tension, then lower it and 
pull the thread As the foot moves down, 
you should feel only slightly increased re¬ 
sistance in the thread Push the dial onto 
the shaft and turn it counterclockwise; it will 
stop at zero with almost no tension on the 
thread Screw on the knob, tighten the set¬ 
screw and reset the dial 


CHECK SPRING 
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Troubleshooting Sewing Machines 


Problem Possible Causes Solution 


Machine will not run 

Power not reaching machine 

Check fuse or circuit-breaker; 
receptacle [page 143); cord [pages 
186-187) 

Motor runs but machine 

Machine set to wind bobbin 

Reset winding control 

does not 

Drive belt slips 

Have a serviceman replace drive belt 


Loose motor pulley 

Tighten pulley setscrew 

Motor hums and machine 

Thread tangled around bobbin or 

Clean thread out of bobbin area 

will not run 

bobbin case 



Machine lacks oil 

Oilthe machine 

Machine runs but will not 

Machine threaded incorrectly 

Rethread the machine 

stitch 

Needle too short or too long 

Replace the needle with one made 
forthe machine 


Needle bent 

Replace the needle. 


Needle inserted incorrectly 

Reinsert the needle correctly 


Empty bobbin 

Rewind the bobbin 


Bobbin case inserted incorrectly 

Reinsert the bobbin case 


Thread too heavy 

Use lighter thread or heavier needle 

Needle breaks 

Needle too long 

Replace with a needle made for the 
machine 


Bent needle 

Replace the needle 


Needle inserted incorrectly 

Reinsert the needle 


Loose presser foot or wrong type 
for stitch 

Tighten foot or use a different one 


Needle plate loose or wrong type 

Tighten needle plate or use a 


for stitch 

different type 


Bobbin case inserted incorrectly 

Reinsert the bobbin case 

Needle thread breaks 

Machine threaded incorrectly 

Rethread the machine 


Needle inserted incorrectly 

Reinsert the needle 


Needle thread tangled 

Untangle thread and rethread 


Poor quality thread 

Use better thread 


Needle-thread tension too high 

Decrease tension 


Wrong-sized needle 

Select a different needle 


Bent needle or burred needle eye 

Replace the needle 


Burred or pitted thread guides or 

Have a serviceman repair the 


presser foot 

machine 

Bobbin thread breaks 

Bobbin damaged 

Replace the bobbin 


Bobbin wound too tightly or bobbin 
thread knotted 

Rewind the bobbin 


Damaged bobbin case 

Replace bobbin case 


Bobbin case inserted incorrectly 

Reinsert the bobbin case 


Bobbin thread of poor quality 

Use better thread 

Thread loops or bunches 

Machine threaded incorrectly or 
thread tangled 

Rethread the machine 


Needle-thread tension too low 

Increase thread tension 


Bobbin thread too heavy 

Use lighter thread 

Fabric does not feed 

Presser foot raised 

Lower presser foot 


Stitch length set at zero 

Adjust stitch-length setting 

Noisy machine 

Machine dirty or lacks oil 

Oil and clean machine 

Machine runs slowly 

Bobbin winder engaged 

Disengage the bobbin winder 


Machine lacks oil 

Oil the machine 


227 















SHAVERS 

The various types of shavers-curved-head, flat- 
head and rotary-head-all shave the same way. 
Hairs penetrate holes in a thin metal shield, called 
the head, and are sheared off by rapidly moving 
cutters. The motor and drive mechanisms are so 
durable that most shavers have a tightly sealed 
housing; only head and cutters are detachable. 


A poor performance is generally the outcome of 
clogged cutters. After every shave, remove all 
hairs, using the brush that is supplied with the 
shaver. And once a month, detach the head and 
cutters and rinse them under hot water. The lubri¬ 
cant necessary for smooth action between the cut¬ 
ter and the head is washed off in this procedure, 
so after you reassemble your shaver, place two 
drops of clear, light oil on the head while the shav¬ 
er’s motor is running. 


CUTTER 



CURVED HEAD 


The curved-head shaver 

The curved head is made of thin, flexible 
metal that can be pressed in to follow facial 
contours. Beneath the head lies a single 
cutter with some three dozen individual 
blades driven back and forth [arrow] by 
a vibrator motor. 

The cutter is connected to a pivoted T- 
shaped arm that is flanked by a pair of 
springs. At rest, the arm sits off center 
[above, left]. When you switch on the shav¬ 
er, alternating current passes through the 
coils, producing an alternating magnetic 
force Because the arm is closer to one 
magnet it is first pulled toward it [arrows). 
As one cycle of the current ends and the 
magnetism alters in step with the current, 
the magnet releases the arm. The spring 
then pushes the arm back past center, so 
that on the next current cycle it will move to¬ 
ward the other magnet. The vibrator arm 
swings through a complete stroke for each 
cycle of current and magnetism—60 times 
a second. The two-coil arrangement per¬ 
mits the shaver to be used on either 120- 
or 240-volt power-a control switch sets 
circuits so that each of the coils never re¬ 
ceives more than 120 volts. 


PIVOT 
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SWITCH 
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CUTTERS 


FLAT HEAD 


OSCILLATOR 

ARMS 



REDUCTION 
MOTOR SHAFT 


MOTOR 



The flat-head shaver 

This shaver has three cutters, during oper¬ 
ation, the outer two move together in one 
direction, the inner cutter in the other far¬ 
row], Indentations on the bottoms of the 
cutters fit onto oscillator arms. The oscilla¬ 
tors are driven by a crankshaft connected 
to a universal motor [similar to the motor in 
the shaver shown below). 

The control knob of the flat-head shaver 
has a setting that lets you raise the head- 
and-cutter assembly. The head lifts off and 
the cutters slide ouifabove]. As you shave, 
each cutter wears down a little differently 
from the others; therefore, when you re¬ 
move the cutters for cleaning, be careful to 
replace them in the same slots. 


The rotary-head shaver 

Unlike the back-and-forth strokes of the 
cutters on other shavers, this type employs 
three cutters that whirl within round heads. 
The turning motion of the motor moves 
through a series of reduction gears to turn 
the cutters farrows). 

The head-and-cutter assembly is hinged to 
the housing, and flips up at the touch of a 
button. When you remove the cutters for 
cleaning, replace them in the same heads 
-with use, each cutter settles into place in 
a slightly different way. and switching them 
will result in an uneven shave. 

Rotary heads are made of rigid metal, and 
each head and cutter is mounted on a 
springy gear shaft that can float up and 
down and tilt in all directions, closely follow¬ 
ing the facial contours for a clean shave. 
The cutters on rotary shavers are called 
self-sharpening because they are in con¬ 
tinuous contact with—and sharpen them¬ 
selves against-the rigid heads. When the 
cutters wear out, they can be replaced 
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TOOTHBRUSHES AND CLEANERS 

Early in this century, Edmund Kells made one of 
the first dental irrigators by converting a blowtorch 
gas tank to pump mouthwash, and the first elec¬ 
tric toothbrush was made in Scandinavia as early 
as the 1930s. But the modern versions of both 
appliances appeared only when better techniques 
allowed precision internal parts-gears, pumps 
and tubing—to be made accurately from plastic. 


The cordless toothbrush uses a rechargeable 
battery to power its DC motor. Its charger-like the 
one on page 209—has a transformer to change 
AC from a wall receptacle to DC before it enters 
the battery. The irrigators and toothbrushes with 
cords use an AC motor and can be plugged direct 
ly into a wall receptacle. 

If the tubing in an irrigator springs a leak, it is sim¬ 
ple to replace [opposite). But toothbrushes are 
sealed to keep moisture out of the motor If an in¬ 
ternal part breaks, the entire unit must be replaced. 


BRUSH SHAFT 


CRANKARM 
POST 


The electric toothbrush 

When the toothbrush handle is plugged 
into the charger, house current-convert¬ 
ed to DC - enters the battery A completely 
charged battery will run the toothbrush tor 
about an hour, but it takes about 13 hours 
to recharge fully 

When the motor is switched on, it draws 
power from the battery to spin a small drive 
gear that is attached to the motor output 
shaft The gear drives a larger gear and 
a crank arm that convert the motor’s ro¬ 
tary motion into back-and-forth movement 
(rightJ for the brushing action 


DRIVEN GEAR 



CHARGER 



The gear-and-crank assembly 


The shaft that moves the brush back and 
forth has a crank arm projecting from it A 
slot in this arm fits over a post attached to. 
theouteredgeof the driven gear. When the 
motor is running, thegear rotates [small ar¬ 
row], turning the post, and pulling the 
crank arm and brush back and forth (large 
arrow) At full speed, the brush moves 
about 11,000 strokes a minute 
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Removing leaky hoses 

If your irrigator has an internal leak, the 
problem may be a broken pump or a 
! cracked exhaust or intake hose. To replace 
, a leaking hose, you will need only a knife 
and a bail-point pen. 

I Remove the irrigator’s bottom plate and 
make sure that the exhaust and intake hos¬ 
es fit tightly to the pump. Put some water in 


the irrigator’s reservoir and turn the motor 
on. If the pump is leaking, it must be fixed 
professionally. If the problem is a leaking 
hose, remove it. The intake hose is usually 
made of soft rubber and is pressed lightly 
over the reservoir-valve and pump-intake 
fittings. It can be pulled off easily. The ex¬ 
haust hose is heavy plastic and is held to 
the exhaust and handle fittings with plastic 
collars. Pry the collars back and cut the 
hose from the fittings with a knife 


The dental irrigator 

The irrigator, shown here on its side, uses 
a tiny piston pump to spurt over 1,000 jets 
of water per minute from a handle at the 
end of its exhaust hose. A block that is at¬ 
tached to a bar on the gear of the motor 
shaft moves the pump piston back and 
forth. One full turn of the gear pushes the 
piston through one back-and-forth stroke. 
Water from the reservoir enters the pump 
chamber through the intake hose, and the 
piston forces it out the exhaust hose at a 
pressure of as much as 85 pounds per 
square inch. Motor and pump are sepa¬ 
rated by a plastic housing that protects the 
motor wiring from water damage 



Installing a new hose 


To install a new exhaust hose, first put a 
new collar over one end of the replacement 
hose and enlarge the hose opening by 
forcing and twisting a bail-point pen into it. 
Push the hose over the handle’s nipple fit¬ 
ting and slide the collar up over the hose 
end and fitting. Repeat the procedure for 
the pump end of the hose. A new intake 
hose can simply be pressed over the fit- i 
tings without enlarging the end openings. 


231 

















































Appliances 

That 

Heat 


Since James Joule discovered in 1841 that heat 
was produced by the resistance of a wire to the 
passage of electricity, the principle has been 
applied to cook food, press clothes and dry 
hair. The wire that helps perform these minor 
miracles must be able to get hot enough to do 
the job without burning itself up —the best ma¬ 
terial is a nickel-and-chromium alloy, generally 
used today in the many appliances that contain 
heating elements. 

Since such resistance wire is used for so 
many different chores, it is made in different 
forms, each suited to a special task. In a waffle 
cooker, it is strung in a few loose coils and se¬ 
cured with insulators. In a toaster-oven, it is 
sealed in a stiff, insulated-metal or glass tube, 
which protects it from spilled food. Because 
the surfaces of frying pans must often be 
scoured after use, the wire in them is enclosed 
permanently in their metal bodies so that the 
pan can be immersed for cleaning. In a toaster, 
the wire* is made flat to be wound around a flat 
mica sheet just a bit bigger than a slice of bread 
(since heated air rises, temperature over the 
area is equalized by using fewer turns of wire at 
the top than at the bottom). 

Before thermostats were added to control 
the heat created by the resistance wire, some 
appliances such as electric irons had to be un¬ 
plugged or switched off manually every few 
minutes to maintain an even temperature. 
Now, thermostats keep heat uniform in a fry¬ 
ing pan, for example, more accurately than the 
most watchful cook can —and nobody has to 
watch the pan. The thermostat also saves elec¬ 
tricity—it turns power on only intermittently. 

Two kinds of thermostats are used. The 
blade type (page 237 ) controls all appliances 
that need to have adjustable temperatures, be¬ 
cause the blade action of the thermostat can 
be varied with a tension adjustment. Disc ther¬ 
mostats (page 236 ) are used in some single- 
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temperature appliances because these ther¬ 
mostats are inexpensive to make and easy to 
replace; blade types are used in others. 

Tracing a Problem 

When one of your heating appliances breaks 
down, the failure is usually the result of a mal¬ 
functioning thermostat or a break in the elec¬ 
trical circuit. But before you delve into the 
appliance itself, make sure that the problem is 
not a blown fuse or tripped circuit breaker. 
Most appliances with heating elements draw 
tremendous amounts of current for their size 
— a toaster or iron uses more than a medium¬ 
sized air conditioner. Turning them on can 
easily add enough load to the circuit to blow a 
fuse or trip a circuit breaker. 

If the fuses or circuit breakers are in order, 
the next thing to check is the power cord 
(pages 186 - 187 ), which gets heavy wear in this 
type of appliance. A defective cord should be 
replaced, not repaired. Cords for heating ap¬ 
pliances carry large amounts of electricity, so 
be sure to buy a replacement that meets the 
same specifications as the old cord. 

If the cord is intact, suspect a broken resis¬ 
tance wire in the heating element. You can vi¬ 
sually check appliances in which elements are 
exposed, such as the common hot plates and 
waffle cookers, or those that have their ele¬ 
ments enclosed in heat-resistant glass, such as 
some toaster-ovens. If the wiring in an en¬ 
closed element breaks, the entire element must 
be replaced. Exposed wires, however, can be 
temporarily repaired with a splicing sleeve or 
electrical flux (page 239 ). These repairs will 
only tide you over until you replace the entire 
element, for they create a high-resistance “hot 
spot” that will burn out again. 

But there are many appliances, like frying 
pans and irons, in which the heating element 
is hidden and a visual check is not possible. In 


such cases, you can find out if the element is 
broken by using a continuity tester. A battery- 
powered tester works on a heating element 
only if its batteries are new; the element has 
such a high resistance —in order to do its job 
— that a battery can barely push current 
through it. Even fresh batteries produce only a 
faint glow in the tester bulb, and it is best to 
test in a darkened room to be certain you can 
see the glow and are not fooled into thinking 
the element is damaged when it really is not. 
Be sure to replace the element with one that is 
identical, not just of the same wattage. 

If the cord and resistance wires are intact, 
the problem is usually a malfunctioning ther¬ 
mostat. This problem is indicated if the appli¬ 
ance seems to work properly but fails to reach 
or maintain the desired temperature. 

Often, the fault in a thermostat is caused by 
an easily removed obstruction. In a toaster, 
crumbs get between the thermostat blades and 
block their movement; hair causes a similar 
problem in a drier. If you suspect the thermo¬ 
stat, clean it and check the blade alignment be¬ 
fore putting in a new one. 

Thermostats in coffee makers are simple to 
replace, but those in other appliances, such as 
some waffle cookers, are best left to a service¬ 
man—they are held with rivets that must be 
drilled out for removal, and a replacement 
must be either riveted or welded in. 

Because of the large currents drawn by heat¬ 
ing appliances and the high temperatures they 
generate, it is imperative to unplug them be¬ 
fore working on them. When you disassemble 
one, be sure to keep track of all screws, nuts 
and washers; a loose bit of metal can cause a 
short circuit if it drops into a thermostat or 
electrical connection. Similarly, never work on 
cords, plugs or wiring over an appliance, for 
bits of wire might drop inside. 
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HEATING ELEMENTS, CONTROLS 

The simplest way to use electricity in an appliance 
is to convert it into heat. No moving parts or com¬ 
plicated construction is necessary for heating, and 
many such appliances-waffle cookers, skillets, 
irons-contain no mechanisms except controls. 

Heat is generated when an electric current flows 
through a wire or ribbon made of a metal that is re¬ 
sistant to this electric flow: the metal heats up as if 
by friction, like a surface subjected to vigorous rub¬ 
bing. In small appliances, the metal most com¬ 
monly used for this purpose is an alloy containing 


nickel and chromium, usually referred to as m- 
chrome, that can operate at temperatures up to 
2200° without sustaining heat damage. Nichrome 
is employed only for the heating element; the rest 
of the circuitry is usually made of copper, alumi¬ 
num or nickel wire. 

In order to protect adjoining parts of the appli¬ 
ance from direct contact with the electrical circuit, 
the heating element is supported on mica or ce¬ 
ramic insulators [below and opposite, bottom), or 
encased in a sheath such as the ceramic-and-steel 
combination at right. The temperature range is se¬ 
lected and regulated by one of the thermal controls 
described on pages 236-237. 


Simple heating coil 

One of the oldest, and still widely used, 
heating elements found in small appliances 
is a simple coiled length of resistance wire 
[below]. Compared to a straight wire, the 
coil provides greater efficiency by concern 
tratmg the heat within a smaller space. 

In the waffle cooker at right, one coil is 
mounted beneath the lower of two detach 
able grills while an identical coil-hidden in 
this drawing-is located behind the upper 
grill The coils are supported by ceramic in¬ 
sulators; their straightened ends are con¬ 
nected to terminals of the electric circuit. 



COIL 

CERAMIC INSULATOR 
COIL 
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CERAMICTUBE STEELTUBE 



Sheathed coil 


In appliances like the combination broiler- 
skillet at left, the heating coils must be pro¬ 
tected from splattering grease and liquid 
spills as well as electrical contact with the 
appliance s metal housing. For this reason, 
the coil is encased in a double sheath con¬ 
sisting of a ceramic inner tube, which pro¬ 
vides electrical insulation, and a steel outer 
tube, which guards against chipping and 
breakage of the ceramic [above]. 



In the broiler, or top, part of the appliance, 
the sheathed coil may be mounted on the 
inside of the lid. In the skillet, or bottom, 
part, which requires a smooth cooking sur¬ 
face, the coil is embedded in the bottom. 



Flat-wire element 

Heating elements in toasters must provide 
even heat over the entire surface of the 
bread slice. This uniformity is achieved in 
two steps. First, a flat wire is substituted for 
the coil so that all parts of the wire are equi¬ 
distant from the bread. Second, the wire is 
wound on a sheet of mica in such a way that 
the number of windings decreases from 
bottom to top; as a result, more heat is gen¬ 
erated at the bottom than at the top. but 
since hotair rises, the temperature is equal¬ 
ized over the entire surface of the element 


MICA SHEET 
FLAT-WIRE WINDING 
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HEATING CONTROLS continued 


Temperature Controls 

An appliance using heat, whether a 
skillet or a percolator, must operate 
within a fairly narrow range of tem¬ 
peratures. The task of maintaining 
this range is handled by a thermostat, 
which is simply a switch operated by 
heat, turning the current on when 
temperature falls below a set level 


and off when it rises above the level. 
All thermostats depend on two char¬ 
acteristics of metals: they expand 
when heated, and each expands at a 
different rate. So if a blade or disc is 
made of two different metals bonded 
together (a “bimetallic” unit), it will 
bend when heated because the ex¬ 
pansion of the metal on one side is 
greater than on the other. This bend¬ 
ing separates the switch contacts. 



BIMETALLIC BLADE | 




^-=3 ON POSITION U —J 


UPPER CONTACT POINT 


-OFF POSITION L J 

LOWER CONTACT POINT 


The principle of thermostats 


The simplest thermostat uses a bimetallic 
blade that, whilethe appliance heats up. re¬ 
mains straight (top). Its upper contact point 
touches the lower contact point, thus keep¬ 
ing the circuit closed At the selected tem¬ 
perature, unequal expansion of the two 
metals bends the blade (bottomJ, separat¬ 
ing the two contact points. 


Single-setting thermostats 

If only one temperature setting is needed, a 
fixed thermostat is used to control the on- 
off cycle. It is also bimetallic, but instead of 
a strip it may be a disc as in this coffeepot. 
The aluminum-covered disc is attached by 
a post to a metal connector that bridges two 
terminals in the up, or on, position. 

When the appliance reaches the required 
temperature, the disc warps downward, 
pushing down on the post and connector, 
and opening the circuit. 














































































































HEAT-SENSING PROBE 
CONTROL UNIT 



DIAL KNOB 


Many appliances, such as skillets and deep 
fryers, require multiple temperature set¬ 
tings. Since they operate within the same 
temperature range, they use a standard¬ 
ized, interchangeable thermostat Its main 
feature is a heat-sensing probe that rests 
agamstthe heating surface of the appliance 
to transmit its temperature to the bimetallic 
element, which operates as shown below. 


HEAT-SENSING PROBE 




Multiple-setting thermostats 

A variable temperature setting is provided 
by gearing a dial knob [above] to a mov¬ 
able pin that adjusts the separation be¬ 
tween the contacts, so that more or less 
movement is needed to bring them togeth¬ 
er. Only the upper contact is moved by the 
bimetallic blade, which presses a post up 
against the contact. As the heat-sensing 
rod transfers heat to the blade, it bends up 
[left], lifting the upper contact and inter¬ 
rupting the current. 

The temperature at which this action takes 
place is determined by the position of the 
lower contact. The lower it lies, the less 
bending of the blade is required to break 
the circuit. Some controls of this type con¬ 
tain a signal light connected to the circuit; it 
may be wired so that the light is on while 
the appliance is heating up or, alternatively, 
only after it reaches the set temperature. 
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REPAIRING HEATING ELEMENTS 


Some of the handiest electrical kitchen appliances 
are the simplest in design and construction. Most 
small cooking devices, for example, consist basi¬ 
cally of a power cord, a heating element (pages 
234-235] and a container or surface for cooking 


the food But variations on this theme seem lim¬ 
itless. There are frying pans, stew pots, waffle 
cookers, slow cookers, broilers, fondue pots, egg 
cookers and, of course, all-purpose hot plates. 

Most are fairly rugged appliances that with reg¬ 
ular cleaning and reasonable handling last indef¬ 
initely But sometimes heating elements will break 
down. When the unit’s design permits you to get to 
the elements, as in the examples on this page, they 
are easily repaired (opposite, bottom] or replaced 
[below]. But when the elements are sealed inside 
metal enclosures (opposite, top], repair is usually 
impractical or impossible. 


CERAMIC 

SUPPORT 


RETAINING CLIP 


HEATING ELEMENT 
CERAMIC SUPPORTS 
THERMOSTAT 




A cooking appliance’s basic design 


A simple hot plate, as useful for cooking 
soup as popping corn, consists of a heat¬ 
ing element mounted on a nonconducting 
ceramic support, a protective cover, con¬ 
nections to the power-supply cord, and a 
base. If the heating element breaks, re¬ 
move the screw to reach the element for 
replacement or repairs (opposite]. 


Repairing a waffle cooker 


When a waffle cooker will not heat, discon¬ 
nect the power cord, then remove the grill 
plates by pulling back the retaining clips. To 
remove a broken heating element, un¬ 
screw the nuts connecting it to the power- 
supply wires, and then unwrap it from the 
ceramic supports that hold it up above 
the heat shield Be careful not to kink the 
new element as you install it, or to fasten it 
too tightly to the supports. It must be free to 
move as the wire heats and expands. 


A temporary repair can be made by either 
of the methods on the opposite page, but if 
the heating elements are not broken, the 
thermostat is most likely the culprit. Take 
the appliance to a repair shop 
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Sealed Elements for Euen Heat, Easy Cleaning 


Many electric cooking appliances have heating el¬ 
ements permanently sealed inside. This type of 
construction has its advantages: in a frying pan 
with a heating element embedded in the bottom of 
the pan, heat is evenly distributed. And if you dis¬ 
connect the power cord and thermostat, the pan 
can be immersed in water for cleaning. But there 
is a disadvantage: the element cannot be repaired. 

The slow cooker shown at right is a veteran exam¬ 
ple of these sealed appliances. Its cooking surface 
is an inner ceramic pot. Wrapped around the pot in 
this model are two heating elements, one for low heat 
(about 200°) and anotherone for high heat (about 
300°), controlled by a two-level switch. The pot and 
heating elements are sealed together inside an insu¬ 
lating outer case that protects both of them. But as 
with the frying pan, this construction puts the heating 
elements beyond the reach of any repairman. 


INNER 
CERAMIC 
POT 





Splicing a broken heating element 

A temporary repair on a broken heating el¬ 
ement is easy with a splicing sleeve, an 
open-ended cylinder of nickel alloy. Dis¬ 
connect the power cord, and without re¬ 
moving the element, gently straighten the 
two broken ends with pliers. Scrape both 
ends with a knife until the metal is shiny, 
and insert them into a splicing sleeve. For 
the best repair, use the smallest sleeve the 
wires will fit into. Then squeeze the sleeve 
with acrimpmg tool over its full length. If the 
connector can be moved at all, a hot spot 
will develop and burn out the wire. 


Soldering a broken heating element 

Broken ends of a heating element can also 
be soldered together. Prepare a material 
called electrical flux powder by mixing it 
with water in a lid. Then, with the power 
cord disconnected, straighten the element 
ends with pliers and scrape them with a 
knife. Place the ends so they lie correctly in 
the appliance, and also touch and overlap 
one quarter inch or so. Surround the ends 
with a small glob of flux. Then plug in the 
appliance and turn it on high. (Caution. Do 
not touch the element.) The heat will weld 
the flux and element ends firmly together. 
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TOASTERS AND BROILERS 

Of all small appliances that warm or cook food by 
radiant heat-toasters, toaster-ovens and tabletop 
rotisseries—the most common is the deceptively 
simple-looking toaster. Some toasters have mo¬ 
tors that automatically lower bread placed on the 
rack. In others, the carriage is lowered manually, 
but everything else is automatic. In some toasters 


a spring and cylinder combination called a dash- 
pot pops the carriage up: others have a spring 
under the front panel to pull up the carriage. 

The complex internal parts of toasters made 
since the mid-1960s are welded or riveted in place 
and cannot be replaced at home. They do, how¬ 
ever, require periodic cleaning, but before begin¬ 
ning-even emptying the crumb tray—unplug the 
cord: a push on the handle can send current to 
the heating element and cause burns or shock. 


HOUSING 


HEATING ELEMENT 
BREAD RACK 


FRONT PANEL 



HEATING-ELEMENT CONTACTS 

Inside the toaster 


SOLENOID 

CONTACTS 


TOASTING 
CONTROL KNOB 


The heating element inside the toaster is a 
series of flat nichrome wires (page 235) 
wrapped around mica panels The car¬ 
riage has two or more bread racks at¬ 
tached to it, and they lower the bread 
between the panels for browning The latch 
holds the carriage in place once it is low¬ 
ered to bring the heating-element contacts 
together and start current flowing 


Moving the toasting-control knob for de¬ 
sired brownness sets the distance the bi¬ 
metallic strip must travel until its arm makes 
the contacts touch and activate the sole¬ 
noid (pages 178-179), releasing the latch 
and letting the toast rise (opposite, top). 
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DASHPOT 


HEATING-ELEMENT 
CONTACTS 

RACK LATCH RELEASE 

LATCH LATCH LOCK 

LATCH LOCK 


SOLENOID 


ELEMENT 

CONTACTS 


DASHPOT 
BIMETALLIC STRIP 


1 How the toaster heats up 

When bread is placed on the toast racks 
and lowered into the toaster [arrows], the 
dashpot spring is depressed and the latch 
locks the racks in place. One of the racks 
pushes electrical contacts together, per¬ 
mitting the current to flow into the heating 
elements. Of the heating element of the 
toaster does not heat, see the chart below.) 


2 How the toast pops up 

The heat bends the bimetallic strip, which 
moves a tiny arm. When a preset temper¬ 
ature is reached, the arm closes contacts 
to activate a solenoid. The solenoid's mag¬ 
netic force releases the latch; the dashpot 
spring expands, raising the racks. As the 
toast rises, the contacts separate, turning 
off the heating elements. 


Troubleshooting Toasters 


Problem 

Possible Causes 

Solution 

Toaster does not heat 

Power not reaching toaster 

Heating-element contacts obstructed 

Check fuse or circuit breaker; check 
cord and repair if necessary (pages 
186-187] 

Brush off, straighten or realign 
heating-element contact points 

Toast browns only on one 
side 

Defective heating element 

Take to repair shop 

Toast does not pop up 

Solenoid contacts obstructed or out 
of line 

Main spring loose or broken 

Brush off or straighten solenoid 
contact points 

Reconnect or replace main spring 

Toaster smokes 

Crumbs caught inside 

Empty crumb tray, blow out with 
vacuum cleaner 


241 


































TOASTERS AND BROILERS continued 


Tabletop Ovens 

Together, a toaster-oven and broiler- 
rotisserie are as versatile as a regu¬ 
lar oven. They are especially handy 
for preparing small amounts of food 
The toaster-oven, in addition to 
browning bread, bakes casseroles, 
sandwiches and ready-made foods 


such as frozen dinners and breakfast 
pastries. One variation on the basic 
toaster-oven, sketched below, has a 
slot in the top for toast. Otherwise, all 
makes and models are essentially 
the same. The oven has a glass front 
door that opens for placement of 
food on a metal tray. Inside, there are 
shields to reflect the heat that is pro¬ 
duced by several heating elements 


and regulated by a thermostat and 
the control knobs. 

The broiler-rotisserie functions as 
a broiler, and has a motor-driven spit 
to turn meat and poultry for even 
cooking and easy basting. 

Both appliances must be cleaned 
after every use, but newer models 
can be easily disassembled to facil¬ 
itate that chore. 


HEATING ELEMENTS 


TOAST SLOT 



How the toaster-oven works 

When the oven door is closed, setting the 
temperature-control knob causes several 
long, thin heating elements (page 234] to 
heat up-at the top setting, the oven can 
reach 500° in 10 minutes In some mod¬ 
els, a clock-timer turns off the heat when 
the food is cooked A warming-control 
knob is connected to a separate heating 
coil that enables you to keep a constant low 
heat in the oven Occasionally, heating el¬ 
ements break but are simple to replace 


Replacing the elements 

Unplug the oven and unscrew the bottom 
plate; then pull off the end panel containing 
the temperature control. Slide out each el¬ 
ement and inspect it If it is enclosed in 
glass, a break in the coil of mchrome wire 
will be visible For metal-covered elements, 
use a continuity tester [page 137], Replace 
broken elements with new ones made for 
your mode! In reassembling the end pan¬ 
el, be sure the heating element sockets fit 
securely over the element ends 
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Broiler-Rotisseries, Old and l\lew 

The first portable broiler-ovens, introduced 
about 30 years ago, were generally cumber¬ 
some closed units with exposed coils of heat¬ 
ing wire that became red-hot during cooking. 
The servicing you can perform on such an 
appliance is limited to repairing the heating- 
element coils [page 239]. If it is fitted with a 
rotisserie, replacement gears and motors are 
nearly impossible to find. 

Modern broiler-rotisseries are available in 
two versions: open [above] and closed. The 
open model usually comes with a grill for bar¬ 
becuing, and some have a detachable hood 
to speed cooking. The closed model resem¬ 
bles a scaled-down version of yesteryear’s 
broiler-oven. The working parts of both mod¬ 
els are the same, and repairs are made in the 
same way on each. 


An open rotisserie is a simple sturdy appli¬ 
ance. The basic unit consists of a sheathed 
heating element over a reflector pan and 
drip tray. The element, which has two 
prongs jutting from an opening in the re¬ 
flector pan, attaches to its own power cord 
foroperation as a grill without the spit. Dur¬ 
ing use, the element gets hot enough to 
burn off most food residues; still, it can be 
unhookedfor cleaning-or replacement, in 
the rare event that it breaks. 

Above the basic unit is the spit assembly, 
which has its own power cord. Mounting 
plates fit into the ends of the reflector pan. 
One plate supports a motor and gears to 
drive the spit; the other plate holds the free 
end of the spit. The housing can be un¬ 
dipped, or unscrewed, and separated for 
Inspection of the motor. If the gears are 
clogged with grease, clean them with a 
commercial degreaser. But if the sealed 
motor burns out, or if the gears break, the 
entire unit must be replaced. 
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COFFEE MAKERS 

Virtually all electric coffee makers, including the 
modern drip types (belowand opposite] and older 
percolators [page 247], contain the same basic 
parts: a brewing element that heats water nearly to 
boiling, a system that delivers the hot water to the 
ground coffee, a thermostat that turns off the brew¬ 
ing element at the end of its cycle and a warming 
I element to keep the finished brew hot. Though anal¬ 


ogous parts may look different, their purpose gener¬ 
ally is self-evident and repairs are straightforward. 

The most common coffee-maker problems are not 
actual breakdowns but stem from inadequate main¬ 
tenance. Drip machines are particularly prone to 
clogged plumbing from mineral deposits; these 
clogs cause longer brew times and heavy steaming. 
To forestall trouble, at least once a month (every two 
weeks in regions with hard water), you should run a 
full reservoir of white vinegar or commercial deliming 
solution through the entire brew cycle. 



CONTROL SWITCH 


A gravity-fed coffee maker 

When this drip machine is turned on, heat 
from the brewing element causes a bimetal¬ 
lic flap beneath the reservoir to bend, open¬ 
ing the reservoir dram. A thin stream of water 
flows down over the brewing element, then 
seeps through a filter basket that holds 
ground coffee and drips into a glass carafe. 
A warming element beneath the carafe 
keeps the brew hot. When the reservoir is 
empty, a thermostat shuts off the brewing 
element; the warming element remains on 
until turned off by hand 
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MASTER CONTROLS 


A steam-pump coffee maker 

The brewing element heats water in a pump 
similar to that in a percolator [page 247J Wa¬ 
ter from the reservoir flows into a heating 
well. Steam generated in the well pushes a 
column of hot water up, across and down a 
pipe to the filter basket. (In some steam- 
pump machines the heating chamber is 
bracketed between one-way valves that pre¬ 
vent hot water from flowing backward.) When 
the reservoir and heating well run dry, a ther¬ 
mostat turns off the brewing element; the 
warming element remains on 














































COFFEE MAKERS continued 


Replacing a warming element 


The most common coffee-maker breakdown 
is a burned-out warming element If the cof¬ 
fee will not stay hot, unplug the machine and 
remove the screws or bolts that fasten the 
base plate of the machine to the housing 
Unscrew the warming element from the base 
plate and unplug its wires from the switch 
terminals in the upper part of the housing 
Position a new warming element on the base 
plate, plug its wires into the switch and reas¬ 
semble the coffee maker. 


THERMOSTAT 



BREWING ELEM 



CONTROL WIRES 


Remedies for the brewing element 


SPRING-LOADED 
PLASTIC ARMS 


If the warming element works but the brew¬ 
ing element does not, the fault may lie in the 
brewing element fuse, its thermostat or the 
element itself. If the fuse and thermostat can 
be replaced separately, check them with a 
continuity tester (page 137) and replace the 
faulty part If all three parts must be replaced 
as a unit, as here, do not bother with continu¬ 
ity tests. Unplug the machine and remove the 
bottom or back to gain access to the ele¬ 
ment. Unfasten the nuts that hold the element 
and install the new element. Finally, discon¬ 
nect the old wires from the control switch one 
by one and plug the new ones in their places. 


SUPPLY TERMINALS 


Removing a defective switch 


If the coffee maker does not work at all, the 
trouble probably lies in the control switch. 
Unplug the machine and remove the back or 
bottom to gam access to the switch termi¬ 
nals. Turn the switch on and test for continu¬ 
ity (page 137) across its supply and output 
terminals. If the switch is defective, remove 
any screw clips that fasten it from behind 
Then pinch or break off the notched, spring- 
loaded plastic arms that lock it into position. 
Slide theswitchoutthe front of the housing, 
transfer the wires one by one to a new switch 
and snap the new switch into the housing. 
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GROUND COFFEE 


HtHhUKATED COVER 
PERFORATED BASKET 



iiuhu a fjbi buioiui nui ng 

Hot water, brought to a boil a little at a time in 
a heating well, is forced up a center stem, 
The water is deflected at the top of the con¬ 
tainer and drips down through a perforated 
cover that spreads it over coffee in the bas¬ 
ket. Perforations in the base of the basket let 
the brew drip into the pot; it then returns to 
the well to be pumped up again, 


The heating well 

The flow of water into the well and up the 
stem is regulated by a valve that is a movable 
ring around the stem bottom. When the cof¬ 
fee maker is turned on, the ring rests on the 
stem's bottom flange [1 ]. Water can enter 
the well through holes in the two plates above 
the ring. A brewing element surrounding the 
well quickly boils its small amount of water 
Steam pushes the ring up, closing off the 
well and forcing hot water up the stem [2], 
As steam escapes, the ring drops and more 
water can enter. 



Troubleshooting Coffee Makers 


Problem 

Possible Causes 

Solution 

Coffee maker does not 
function at all 

Fuse blown or circuit breaker tripped in 
house circuit 

Defective line cord 

Defective brewing element 

Replace fuse or reset circuit breaker 

Repair cord 

Replace brewing element 

Water heats up but coffee 
does not brew 

Clogged valve 

Bent or broken valve 

Scour pot or delime drip system 

Replace valve 

Coffee boils 

Defective warming element 

Defective thermostat 

Replace warming element 

Replace thermostat 

Coffee brews but is 
not kept warm 

Defective warming element 

Burned-out signal light 

Replace warming element 

Replace signal light 

Coffee is weak 

Insufficient ground coffee 

Warm water was used at the start 

Check directions and use proper amount 
Start again with cold water 

Coffee tastes bitter 

Coffee or mineral deposits in pot 

Too much ground coffee 

Scour pot or delime drip system 

Check directions and use proper amount 
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STEAM AND SPRAY IRONS 

The steam iron makes its own steam, which it 
shoots out of ports, but the press of a button on 
the handle closes the steam valve and converts the 
steam iron temporarily into a dry iron. Many steam 
irons are equipped also to spray water for erasing 
deep wrinkles in fabric. 

The base, or soleplate, used to be of iron but 


now has been replaced by stainless steel or alu¬ 
minum. sometimes with a nonstick coating. Stain¬ 
less steel resists scratches better than aluminum, 
but is slightly heavier, heats more slowly and costs 
more. The aluminum soleplate heats and cools 
quickly and evenly but, besides being susceptible 
to scratches, accumulates starch that can stain 
fabrics. Nonstick coatings are easily damaged 
when the iron runs over zippers and buttons, and 
cannot be satisfactorily restored. 



How a steam iron works 

A steam iron's working parts [above] are a 
reservoir for water, a U-shaped heating el¬ 
ement set into the soleplate, a vapor cham 
ber above the heating element, and a 
steam valve activated by a button. When 
the iron heats up, a snap of the button 
opens the valve to release water in a steady 
drip into the vapor chamber [right]. There 
the water is converted into steam, which 
emerges from ports in the soleplate. 

A heat-control lever, which sets the tem¬ 
perature, rotates a cam that regulates the 
opening between contacts on a thermo¬ 
stat. The thermostat keeps the iron within 
a few degrees of the setting A thumb- 
operated pump sucks water out of the res¬ 
ervoir and sprays it through a nozzle. 
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STEAM PORT 


Maintaining the iron 

Most problems with a steam iron happen 
when the iron has been dropped, the cord 
has been abused or minerals from the wa¬ 
ter supply have been allowed to accumu¬ 
late. If deposits block steam ports, remove 
them by filling the reservoir with white vin¬ 
egar; heat the iron to transform the vinegar 
into steam. Rinse the iron thoroughly after¬ 
ward, and use a small brush to clean out 
the steam ports. If deposits are a frequently 
recurring problem, use only distilled or 
demineralized water to fill the iron To clean 
an aluminum soleplate, use a rag dipped in 


a solution of one part of baking soda to two 
parts of water. For stainless steel, apply a 
damp, soapy scouring pad. In either case, 
rinse and dry thoroughly. Then set the 
heat-control lever at a low temperature, 
and run the iron over wax paper and then 
over a dry cloth, if a soleplate snags fabrics 
because it has been nicked, buff it with em¬ 
ery cloth. To clean nonstick coatings, use 
only a damp cloth or sponge to avoid mar¬ 
ring the coating. 

If the iron does not work after a fall, it needs 
professional attention; once the housing is 
removed, reassembly is difficult. 


Replacing the cord 

If the iron does not heat, the cord, plug or 
connectors may be frayed or broken. Re¬ 
move the screw holding the back plate to 
expose the cord terminals Detach the cord 
and test it for continuity [page 186]. If the 
cord is good, tightly reconnect the termi¬ 
nals. If the test discloses a broken cord, you 
can buy a new one at an electrical supply 
store Cbe sure to get one with the same kind 
of terminals]. Adding a cord sleeve will re¬ 
lieve stress. If the cord is in good condition 
but the iron still does not heat, the iron re¬ 
quires professional servicing. 


Troubleshooting Steam Irons 


Problem Possible Causes Solution 


Iron does not heat 

Power not reaching iron 

Faulty heating element or thermostat 

Check fuse or circuit breaker; check 
receptacle [page 143]; repair or 
replace cord or plug [above and 
pages 186-187] 

Needs professional service 

Iron does not heat enough 
or gets too hot 

Faulty thermostat 

Needs professional service 

Iron does not steam 

Clogged steam ports 

Clean with vinegar and brush out 
steam ports 


Reservoir empty 

Refill reservoir 

Iron spits or leaks water 

Dial not fully in steam position 

Set dial exactly on steam position 

Steam button turned on too soon 

Wait two to five minutes 


Reservoir overfilled 

Empty out some water 
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I HAIR DRIERS AI\ID STYLERS 

Whether a hair drier is a compact blowgun [below), a 
drier-styler combination [page 252) or a salon-style 
hood [page 253), its parts are similar. The appliance 
will contain, in some form or other: a fan - or impel- 
ler-to circulate air, a heating element to warm it 
and a housing to channel it in the right direction 


The key to keeping any kind of drier in good work¬ 
ing order is to make sure that a steady stream of air 
flows through the housing and that the flow is not 
impeded. Unless the heat generated by the element 
is carried away, the appliance will overheat. 

To keep air flowing, intake vents, through which 
the fan draws air, must be kept clear of dirt, hair 
accumulations and other obstructions; also, the im¬ 
peller itself must rotate freely. 


INTAKE VENTS 


MOTOR 


DIODES 


How a blow drier works 



The blades of a plastic impeller pull air 
through vents in the dner’s housing, push the 
air past a heating element in the barrel and 
then propel the air out of the exhaust grille 
The impeller is powered by a direct-current 
electric motor: four rectifier diodes mounted 
on the motor, as here, or combined into a 
single unit mounted on the motor or near the 
switch, convert alternating 110-volt house 
current to direct current. Two safety devices 
protect the heating element: a fuse trips 
when the element draws excess current, 
whether from a short circuit or from overheat 
ing; and a thermostat disconnects the heat¬ 
ing element if the barrel of the drier over¬ 
heats, as it can when the vents are blocked 
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HEATING ELEMENT 


OUTPUT 

TERMINALS 


Replacing the motor and impeller 

Any fault in the motor or impeller-typically 
the rattling sound of a broken impeller blade 
—requires replacement of the whole motor- 
impeller unit. Unplug the dher, remove the 
screws holding the split case together, open 
the case and remove the motor mounting 
screws. Lift out the motor unit and remove the 
diodes from the motor—either by unplug¬ 
ging spade-type connectors orjiy-using a 
soldering iron to heat solderecTconnections 
until the diode wires can be pulled loose with 
pliers. One by one, slide the wires from each 
diode into their terminals on the new motor 
and solder them in place Set the new mo¬ 
tor unit in place and reclose the drier's case. 



Repairing a balky heating element 

If a hot drier suddenly stops or blows cold air, 
wait at least 10 minutes for its thermostat to 
cool, then test the machine again. If the prob¬ 
lem persists, unplug the drier, open the case 
and remove any obstructions from the intake 
vents. Then use a knife to scrape away any 
dirt that might prevent the thermostat switch 
contacts from closing [left]. Next, check the 
thermostat and the fuse with a continuity test¬ 
er [page 137]. Finally, look for breaks in 
the heating element itself. A broken element, 
a blown fuse or a defective thermostat all 
require replacement of the entire heating- 
element assembly: simply free the supply 
wires and solder them to the terminals of the 
new element, then reassemble the drier. 


Fixing a faulty switch 


If the drier does not work at some switch set¬ 
tings or at all, unplug it, open the case and 
reconnect any loose or broken wires. Then 
test each switch for continuity [page 137]; 
every setting except OFF should yield con¬ 
tinuity between the supply-cord terminal and 
one or more of the output terminals. If the 
switch proves defective, reconnect its wires 
one by one to a new switch. Emplace the new 
switch and reassemble the drier case. 
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HAIR DRIERS AND STYLERS continued 



The hair styler: hand-held versatility 

Although it does not look much like a gun- 
type blow drier, the hair styler is basically a 
blow drier fitted with combs, brushes and 
similar attachments. In operation, the styler s 
impeller sucks air through intake vents into 
the housing and channels it past the heating 
element [arrows]. The warm air then passes 
through a shield and a grille as it leaves the 
machine. The shield and grille protect the 


hair from direct contact with the element At¬ 
tachments-typically a deflector for rapid 
drying, and a comb and brush for styling - 
snap over the grille and are held in place by a 
clip that is controlled by a button. A thermo¬ 
stat prevents overheating of the appliance. 

Important: Never use any drier over a filled 
sink or tub. If you drop it into the water, it may 
be ruined permanently if you reach into the 
water to retrieve it, you risk shock. 
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How a salon-style drier works 

This folding-pedestal hair drier has a rigid 
plastic hood and a hinged hollow neck. In¬ 
side its base a small motor drives a fan impel¬ 
ler. Between the impeller and the neck is the 
heating element. A thermostat, like the one 
shown on page 236, is connected to the 
heating element to turn it off if the tempera¬ 
ture exceeds a safe limit. 

Some d riers produce not only warmed d ry air 
but warmed wet air as well. These models 
have a misting chamber with a shallow tray 
for water and an auxiliary heating element. 
Misting makes it possible for you to steam a 
set into dry hair. 


AIR 

INTAKE 


Troubleshooting Driers and Stylers 


Problem 

Possible Causes 

Solution 

Drier switches on and off 
by itself 

Air intake blocked 

Impeller sticking 

Remove blockage 

Remove impeller and clean 

Drier rattles 

Impeller loose, broken or obstructed 

Remove impeller and clean; 
if necessary, replace 

Cool air emerges 

Defective heating element 

Replace heating element 

Housing becomes hot 

Thermostat stuck in closed position 

Free thermostat; if contacts are 
fused, replace thermostat and 
heating element as a unit 
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Step-by-Step Methods 

for Finding and Solving Problems 


Large appliances are a separate category of 
household machines, not so much because 
they are bigger and more complex than small 
appliances, but because the breakdown of a 
large appliance is more serious than any small- 
appliance problem. Small appliances generally 
do their jobs faster and more efficiently than 
the jobs can be done without electric power, 
and keeping them in good working order is im¬ 
portant to a smoothly running household. 

But these devices are not really essential to 
the maintenance of a modern life style even in 
an affluent society. A household can get along 
without any of them (except, perhaps, for a 
vacuum cleaner) with surprisingly little incon¬ 
venience or lost time. If you have to, you can al¬ 
ways beat eggs with a fork instead of an 
electric mixer and the omelet will not taste dif¬ 
ferent; or you can revert to using a muscle- 
powered toothbrush without danger that you 
will need to see a dentist any more often. 

Large appliances, on the other hand, are in¬ 
dispensable servants in a modern household. 
The energy they consume, derived from gas or 
electricity, substitutes for the energy that hard 
manual labor once demanded of almost all fam¬ 
ilies—washing and drying clothes and dishes, 
hauling ice in and meltwater out, and chopping 
wood or shoveling coal to feed cooking ranges 
and water heaters. 

But while large appliances have freed peo¬ 
ple from time-consuming household drudgery, 
people, in turn, have become dependent on 
them. A modern home no longer contains the 
old-fashioned equipment that the applianc¬ 
es have replaced; when the clothes washer 
grinds to a halt, dirty clothes pile up until it is 
back in action, because there are few wash- 
tubs left (and even fewer people willing to use 
them). More important, the time once spent in 
major household chores is now devoted to oth¬ 
er activities. And however the time is used, it 
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seems valuable to anyone robbed of it by the 
breakdown of a large appliance. 

So the real cost of such a breakdown —in 
money and time —comes to more than the cost 
of replacement parts or repair work. The short¬ 
er the interruption in service, the lower its real 
cost to the family. Often the fastest way to get 
one of these essential robots back on the job is 
to diagnose the trouble and —if you are able 
— to fix it yourself. 

Detecting appliance breakdown 

Dealing with a failure involves practical con¬ 
siderations: knowing what each important part 
of the machine looks like, how it functions, 
where it is located, and how the parts are me¬ 
chanically or electrically linked together. But 
failures are generally detected in a quite down- 
to-earth way, through the evidence of the sens¬ 
es—by smelling a motor burnout, for example, 
or by hearing a funny sound (an abnormal 
sound, really). You become attuned to the 
characteristic noises of large household appli¬ 
ances; the first indication of trouble is often an 
unfamiliar sound, such as the clanking of a 
loose object in the innards of a dishwasher, or 
the absence of a familiar sound, such as the 
rhythmic whumping of a dishwasher’s spray. 

Noises and smells may point to the trouble. 
But the systematic analysis used by engineers 
can help to isolate the problem faster. Any 
large appliance can be dissected into two in¬ 
terrelated sets of subsystems that are partly 
mechanical, partly electrical. 

In the first set, the subsystems consist of 
components such as motors, pumps, compres¬ 
sors, valves and heaters, all of which provide 
movement and mechanical energy—and, in 
some, control the supply of fuel —as the appli¬ 
ance runs through its cycle of operations. The 
subsystems of the second set include devices 
such as timers, water-level switches, door in¬ 


terlocks and thermostats, that control the 
components of the first set; as the machine pro¬ 
gresses through its cycle, these devices auto¬ 
matically start and stop the motors, pumps and 
heaters in accordance with a predetermined 
sequence that is fed into the appliance through 
push buttons, knobs and dials. 

If one of the power subsystems fails, the ma¬ 
chine does not do all its jobs. Breakdown of one 
of the control subsystems can also stop an op¬ 
eration (or make it occur at the wrong time in 
the operating cycle), but this kind of failure is 
generally distinctive. 

Soon after you start a clothes washer, for ex¬ 
ample, you expect to hear water splashing into 
the tub. If you do not, you know that something 
is wrong. But where do you look for the cause 
of failure? The best way is to start going 
through the power and control subsystems in 
a logical way, step by step, until you find one 
that does not work (or work at the proper time). 
In a clothes washer, the power subsystem is 
made up of the household water supply lines, 
the faucets, the hoses, the inlet valves and 
screens; and the motor, gears and belts. Al¬ 
ways start at the beginning, for simple things 
are most often troublemakers. Is there pres¬ 
sure in the water pipe? Are the faucets turned 
on? Is there a kink in a hose? Are the inlet 
valves working? Are the inlet screens clogged? 

The second, or controlling, subsystem con¬ 
sists of the timer, which signals magnetic de¬ 
vices to start and stop the operations, the 
water-level switch, which shuts off water, and 
safety switches. Is the timer failing to send an 
“open” signal to the inlet valves? Is the fill 
switch sending a “close” signal, even though 
the water level is down to zero? 

Because you do not have sophisticated test 
equipment, you cannot hope to isolate the de¬ 
fective part in every situation. But understand¬ 
ing how an appliance works is a powerful tool, 
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The Pros and Cons 
of Service Contracts 


In addition to the protection of an appliance 
warranty [page 19], many manufacturers, 
dealers and service shops offer service con¬ 
tracts. Their worth depends on the kind of 
machine to be covered, its age and reliability, 
and your own ability to maintain it or to find a 
repair service when you need one. Before 
you sign up. however, make surethatyou un¬ 
derstand exactly what you are getting. These 
contracts are not standardized, and general¬ 
ly their terms depend on the machinery in¬ 
volved - whether it is an appliance ora perma¬ 
nently installed home system There are two 
basic kinds of contracts. 

MAINTENANCE CONTRACTS can be use¬ 
ful for complex installations like an oil or gas 
•heating plant. For an annual fee, the dealer 
who sold you the system, an independent 
service representative or a fuel supplier will 
provide a yearly tune-up and inspection. 
These experts have specialized testing instru¬ 
ments and tools for checks and adjustments, 
and should some major repair be necessary, 
the know-how to do it. 

REPAIR CONTRACTS usually run a year. 
The premium rate, low at first, rises as the ap¬ 
pliance ages. Most fit into three categories: 

■ The unlimited contract-the most expen¬ 
sive-covers repairs, parts and labor charg¬ 
es. It may also include annual inspections. 

■ The fixed-call contract allows a set number 
of service calls per year. If your machine 
needs more service, you pay for it. 

■ The deductible contract, usually the least 
costly, requires you to pay for repairs up to a 
fixed yearly sum. If you exceed that sum, the 
contractor absorbs the cost. 

Service contracts offer convenience and insur¬ 
ance against big bills; if you have a lemon, you 
save a lot. But if your repair needs are normal, 
using your own repair shop may cost much 
less over a machine's lifetime. 


because what an engineer calls defect isola¬ 
tion often consists of an elimination process in 
which a troubleshooter locates failures in ei¬ 
ther one of the subsystems by checking its el¬ 
ements in a logical sequence. 

Suppose, for example, an electric water 
heater supplies water, but not hot water. That 
fact automatically rules out all the subsystems 
that involve the water supply; the trouble lies 
with those concerning heat and electricity. Af¬ 
ter you have checked the elementary things 
— the main power supply, the circuit breaker 
orfuse, the thermostat settings —the next step 
is the first control subsystem, the two thermo¬ 
stats. A simple continuity test (page 263 ) tells 
you whether one of them is keeping electricity 
from reaching the power subsystem—the heat¬ 
ing element. If both thermostats are operating 
properly, go on to examine the element. 

Or suppose, for another example, that the re¬ 
frigerator is warm. It could be that a thermo¬ 
stat is defective and is failing to signal the 
compressor to start working. The first thing to 
do is to take out the thermostat carefully (page 
284 ). Then bypass it by connecting and taping 
together the wires that lead to it. If the com¬ 
pressor still does not go into action, you have 
eliminated the thermostat as the cause of the 
problem and can start looking elsewhere. 

Both your checklist and your efforts of anal¬ 
ysis may fail; you cannot always avoid calling 
a repair service. But you can make your call 
more effective by describing the appliance’s 
failure symtoms —usually by reporting on 
the evidence of your senses—to give a service 
technician a head start. 

Once you understand how a large appliance 
works (and all makes of a particular appliance 
operate according to the same general princi¬ 
ples), you will be ready to use your knowledge, 
your skill and the contents of your toolbox ef¬ 
fectively and efficiently. 
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WATER HEATERS 


COLD-WATER 

INLET 


The water heater, once a reservoir on the kitchen 
stove, has evolved into an efficient, self-contained 
appliance. A typical heater, like the gas-fired unit 
at right, routinely heats about 100 gallons of water 
each day to as much as 150° to provide for an 
average family’s cleaning, laundering and bathing. 
If the heater is overdrawn by heavy demand, it can 
provide a new supply of hot water within minutes. 

Heaters do their work automatically with the aid 
of ingenious controls, illustrated on these pages 
for gas heaters and on following pages for oil-fired 
and electrical units. These controls range in com¬ 
plexity from the thermocouple, which converts 
heat into electricity for an electromagnetic safety 
valve [opposite), to the “sacrificial” anode, a rod 
suspended inside the tank [right); the rod is made 
of magnesium, which enters chemical reactions 
more readily than steel, and it serves simply to be 
eaten away by corrosion that otherwise would at¬ 
tack exposed metal of the tank 


RELIEF 

VALVE 


SACRIFICIAL 

ANODE" 



COMBINATION' 

CONTROL 


SOLENOID 
VALVE 


THERMOSTAT 
BURNER SUPPLY LINE - 
PILOT' 


SOLENOID COIL 

BURNER SUPPLY LINE 



BURNEF 


INSULATlOf 


PILOT SUPPLY LINE 


THERMOCOUPLE 


A gas-heater combination control 

The flow of gas to the burner and pilot sup¬ 
ply lines (blue arrows] is regulated by the 
movement (white arrows] of two valves 
-one of them is linked to a thermostat, the 
other to a solenoid, thermocouple and re¬ 
set button (opposite] 


Inside a gas water heater 

When a hot-water faucet is turned on, hot 
water is forced up in the heater into the hot- 
water outlet as cold water enters and flows 
down through the dip tube. The thermostat 
reacts to the resulting temperature drop by 
opening a valve that sends gas to the burner, 


where it is ignited by the pilot light, as shown 
here, or by an electric ignition spark. Hot 
gases (arrows]are then vented through the 
flue and its heat-retaining baffle to the draft 
hood and vent pipe A relief valve (page 261] 
vents excessive pressure through the dis¬ 
charge pipe Theanodeandtheglasslining 
will prevent corrosion of the tank walls. 


258 































































THERMOCOUPLE 




BURNER PILOT 
SUPPLY SUPPLY 
LINE LINE 


1 Protecting against pilot failure 


2 Igniting the pilot light 


3 



fv 


3 Activating the solenoid 


If the pilot light goes out, the thermocouple, 
deprived of heat, stops generating its heat- 
produced electricity. Without current, the 
solenoid coil loses the mag netism that pulls 
down on the solenoid valve. A spring then 
forces the valve upward to block an open¬ 
ing, preventing gasfrom entering either the 
burner or pilot supply lines. 


To relight the pilot, turn the gas cock to the 
“PILOT" setting and hold down the reset 
button. This action forces the interrupter to 
close the burner supply line, at the same 
time forcing the solenoid valve down to 
open the pilot supply line. The pilot can now 
be safely relit without the danger of acci¬ 
dentally igniting the burner as well. 


As the pilot flame heats the thermocouple, 
it becomes a tiny electric generator by con¬ 
verting heat energy into electric current. 
That current produces magnetism in the 
solenoid coil to hold the solenoid valve 
open. With the reset button released and 
the gas cock turned to “ON,'’ gas is now 
able to enter both supply lines. 




1 How a thermostat stops a burner 

The gas heater's primary control is a ther¬ 
mostat-a two-part bar-linked to a valve 
on the burner supply line The bar expands 
[arrow] as water temperature rises, releas¬ 
ing tension until a spring closes the valve 
and shuts off the gas flow. 


2 How a thermostat starts a burner 

Cooling water causes the outer part of the 
thermostat to contract [yellow arrow] and 
squeeze the inner part against the valve 
linkage, pushing the valve open [white ar¬ 
row] so that gas flows to the burner [blue 
arrow], A smaller thermostat, wired to the 


solenoid, will function as an emergency 
cutoff switch if heat rises excessively. It is 
not mechanical like the main thermostat, 
but electrical-a bimetallic element that, 
when heated beyond safe limits, cuts off 
current going to the solenoid. The solenoid 
valve then closes and stops all gas flow, as 
illustrated at top left. 
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WATER HEATERS continued 


Troubleshooting Gas Water Heaters 


Problem Possible Causes Solution 



No hot water 

Pilot flame out 

Relight pilot [page 259]; make sure 
pilot is protected from strong drafts 



Pilot does not stay lit 

Make sure gas shutoff valve and gas 
cock are turned fully on: with gas 
turned off, see that thermocouple is 
correctly positioned so that pilot 
flame heats it and so that it is firmly 
connected to solenoid 



Burner does not light 

Check gas-cock setting, have a 
serviceman clean burner ports 



Thermocouple defective 

Replace thermocouple [page 309] 


Insufficient hot water 

Incorrect thermostat setting 

Reset thermostat 



Faulty thermostat 

Have serviceman replace the 
combination control 



Long runs of exposed pipe between 

Insulate pipes, move heater or have 



heater and major points of hot-water 
use 

second heater installed 



Insufficient heater capacity 

Have larger heater installed 



Slow heater recovery 

Have serviceman clean burner ports 
and combustion chamber 



Scale and sediment in tank 

To prevent butid-up of scale and 
sediment, dram tank monthly until 
water runs clear 



Leaky hot-water faucet 

Repair faucet (pages 70-73] 


Insufficient hot water, 

Scale and sediment in tank 

Dram tank until water runs clear; if 


accompanied by rumbling 


noises persist, call serviceman to 


noises 


clean tank interior 


Water too hot 

Incorrect thermostat setting 

Reset thermostat 



Faulty thermostat 

Have serviceman replace the 
combination control 



Check for a blocked vent by placing 

Inspect flue outlet for obstruction and 



your hand near the draft hood; an 
outflow of air indicates blockage 

remove it 



A leaky faucet may be causing tank 
stratification (adjoining layers of hot 
and cold water) 

Repair fauceUpages 70-73] 


Water leaks 

Leaky drain valve 

Tighten or replace dram 



Relief valve is operating 

Place bucket under discharge line; if 
valve operates frequently, call a 
plumber 



Tiny holes in tank caused by internal 

Have heater replaced 



corrosion 
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Oil-fired Heaters 

Although separate oil-fired units like the 
one below represent less than 1 per cent 
of water heaters used in American 
homes, using oil as fuel to get hot water 


is not rare. In the cold-weather Northern 
states and Canada many homes have 
integrated oil systems that use a single 
burner to provide both heat and hot wa¬ 
ter (page 317). These systems work so 
efficiently that few require the addition 
of a separate water heater. 


In places where a separate oil-fired 
water heater is desired, it performs re¬ 
markably well. A typical unit can heat a 
tank full of cold water to piping hot about 
three times faster than a gas heater can 
do it, and about five times faster than an 
electrical heater can normally function. 


RELIEF VALVE 


FLUE 



TO BURNER 


How a relief value works 

A double safeguard for oil-fired and other 
types of water heaters, the temperature- 
pressure relief valve is activated when the 
water pressure on the disc exceeds 150 
pounds per square inch or when a temper¬ 
ature of 210° causes the thermostat ele¬ 
ment to expand. In either case, the disc is 
forced up and water escapes through the 
discharge opening. A lever manually op¬ 
erates the valve for testi ng. 


How an oil-fired water heater works 

Triggered by the thermostat control, an oil 
burner ignites a mixture of fuel and air with 
an electric spark in the water-heater com¬ 
bustion chamber, exactly as it does in an 
oil-burning home heating system [pages 
304-305). The water heater shown here 
holdsthe water in a "floater tank”—one sus¬ 
pended so that hot gases flow over the en¬ 
tire tank surface [arrows) before being 
vented through the flue. 


Thermostat control 

The thermostat control of an oil-fired water 
heater is regulated by a vapor-filled sens¬ 
ing bulb, much like those used in gas rang¬ 
es (page 288), that protrudes into the water 
in the tank. As the water heats, the vapor 
expands, passing through tubing to push 
open an electrical contact and shut off the 
burner circuit. The vapor will contract as 
the water cools, allowing the contact to 
close and restart the burner. 
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WATER HEATERS continued 


Electric Water Heaters 


The tank and plumbing of an electric 
water heater are basically the same 
as those of gas units. But electric 
heating elements and their controls 
are much less complicated than the 
burners and valves of other kinds of 
water heaters: they contain no mov¬ 
ing parts other than slowly curling 
bimetallic strips in the thermostats. 


This simplicity lets you test the wa¬ 
ter heater and repair it on the rare oc¬ 
casions when it breaks down. Before 
you begin, check the fuse or circuit 
breaker. If the fuse is blown or if the 
circuit breaker has tripped, then test 
the heating elements (page 264). But 
first be sure there is no power going 
to the water heater (step 1, below). 
If the fuse is all right, start your trou¬ 
bleshooting with the tests presented 
on these and the next two pages. 


HOT-WATER OUTLET 


RELIEF VALVE 
SHUTOFF VALVE 
| COLD-WATER INLET 

HIGH-TEMPERATURE CUTOFF 



.UPPER THERMOSTAT 


- UPPER HEATING ELEMENT 


Inside an electric water heater 


Electric water heaters will usually have two 
heating elements controlled by simple ther¬ 
mostats that can sense water temperature 
through the tank wall To limit demand on 
the house electrical supply, the thermo¬ 
stats allow only one element at a time to 
heat First the upper element heats the wa¬ 
ter in the top of the tank, then it turns off 
while the lower element heats the rest of the 
water As hot water is used from the top of 
the tank, the bottom element turns on to 
heat the cold water that enters the tank 
through the dip tube 


Should so much hot water be used that the 
temperature in the top of the tank falls 
below the thermostat setting, the upper 
element comes back on. This will quickly 
provide additional hot water at the top of the 
tank A high-temperature cutoff turns off 
power to the water heater if it malfunctions 
in such a way that the water temperature 
increases to 210° 


[—INSULATION 


HIGH-TEMPERATURE 


SACRIFICIAL ANODE 
DIPTUBE 

LOWER THERMOSTAT 
DRAIN 

LOWER HEATING ELEMENT 
ACCESS PANELS 
INSULATION 
TANK 



1 Testing the heater power supply 


Turn off power to the water heater and re¬ 
move both thermostat access panels Pull 
the insulation away from the thermostats; 
you may have to cut it with a serrated kitch¬ 
en knife, but save it to reuse Clip a jumper 
wire to each probe of a voltage tester, then 
tape the joined clips and probes together 
(above). Clip the other ends of the jumper 
wires onto the top terminals of the high- 
temperature cutoff, the tester should not 
light. Turn on the power (Important. Do 
not touch the instruments or heater.) If the 
tester glows, go to step 2. If the tester does 
not glow, call an electrician. 


262 







































































RESET BUTTON 


HIGH-TEMPERATURE 

CUTOFF 



THERMOSTAT 



2 Testing a high-temperature cutoff 

Disconnect power to the heater at the main 
house panel. If the cutoff-reset button has 
popped out, push it in. Connect a continu¬ 
ity tester between the terminals on the left 
of the cutoff, then connect it between the 
terminals on the right. If the tester does not 
light in both cases, replace the cutoff. Make 
a diag ram showing what color wire goes to 
each cutoff terminal. Then disconnect the 
wires and the metal straps, and remove 
the cutoff by pulling it upward. Push a new 
cutoff into place; connect the wires and 
metal straps as they had been previously. 


3 Testing the upper thermostat 

With the power disconnected, make sure 
the heater has cooled off and attach a con¬ 
tinuity tester to the left terminals of the 
upper thermostat. If the tester does not 
light, replace the thermostat. Make a wiring 
diagram and disconnect the wires from the 
thermostat and from the bottom terminals 
ofthehigh-temperaturecutoff. Remove the 
cutoff, then pull on the thermostat to snap it 
out of the spring clips that hold it to the tan k. 

: Install a new thermostat, push the cutoff 
| into place and connect the wires as they 
had been previously. 



4 Testing the lower thermostat 

With the power disconnected, attach a con¬ 
tinuity tester to the thermostat terminals. If 
the tester does not light, replace the ther¬ 
mostat as in step 3. 

5 Testing thermostat heat response 

With the power disconnected, remove both 
thermostats Connect a continuity tester to 
the terminals on the right of the upper ther¬ 
mostat and hold it over a candle. After no 
more than 15 seconds you should hear a 
click, and the tester should light. [Caution: 
Remove the candle quickly; excess heat 
causes damage.) Repeat the test on the 
lower thermostat; the tester should now 
light at first, and go out at the click. If either 
thermostat behaves differently, replace it. 


THERMOSTAT 


CONTINUITY 

TESTER 
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WATER HEATERS continued 


1 Heating-element short circuits 

To find faults in electric-water-heater ele¬ 
ments, first test for a short circuit Discon 
nect the power at the main house panel 
Remove access panels and pull away insu¬ 
lation from around the thermostats (page 
262) Attach a continuity tester to a heatmg- 
element mounting bolt and an element ter¬ 
minal If the tester lights, there is a short 
circuit Replace the element (opposite). 

A short circuit caused by a heating-element 
wire coming in contact with the surround¬ 
ing metal sheath will blow the water-heater 
fuse. But a short resulting from water seep¬ 
ing into the heating element will either blow 
the fuse or make the heater overheat, ac¬ 
tivating the high-temperature cutoff. 


2 Testing heating-element continuity 

If there is no short, and the heater produc¬ 
es insufficient hot water, the wire inside an 
element may be broken After disconnect 
mg power to the heater, attach a continuity 
tester between the terminals of each heat¬ 
ing element The tester should light If it 
does not, the wire is broken Replace the 
element [opposite). 
































































Troubleshooting Electric Water Heaters 


Problem 

Possible Causes 

Solution 

No hot water 

Power not reaching water heater 

High-temperature cutoff activated 

Thermostat fails to turn on element 

Heating elements defective 

Check fuse orcircuit breaker; if it 
fails repeatedly, call an electrician 

Push in reset button, if it activates 
again, test thermostats and elements 
[pages 263-264) 

Check thermostats [page 263) and 
replace if necessary 

Replace elements [left) if necessary 

Insufficient hot water 

1 ncorrect thermostat setting 

Heating element burned out 

1 nsufficient heater capacity 

Long pipe runs between heater and 
major points of hot-water use 

Reset thermostat 

Check elements for continuity [left) 

Have larger heater installed 

Insulate pipes, move heater or have 
second heater installed 

Insufficient hot water 
accompanied by hissing 
or sizzling noises 

Sediment in tank; scale on tank or 
elements 

Drain tank until water clears; soak 
elements in vinegar; scrape off scale 

Water too hot 

1 ncorrect thermostat setting 

Defective heating elements 

Faulty thermostat 

Loose insulation around thermostats 

Reset thermostats 

Replace elements [left) if necessary 
Check thermostats [pages 263) and 
replace if necessary 

Pack insulation tighter 

Water leaks 

Faulty heating-element gasket 

Replace gaskets; see chart on page 

260 for other leaks 


Always turn off power to an electric water heater before removing thermostat-access panels 



HEATING ELEMENT 


3 Replacing a heating element 

After disconnecting power to the heater, 
turn off the water inlet to the heater and 
open a nearby hot-water faucet to start 
emptying the tank. Remove remaining wa¬ 
ter from the tank drain with a hose or a 
bucket. Disconnect the wires from the el¬ 
ement Unscrew the bolts that secure the 
element, remove the thermostat bracket 
— let the thermostat hang by its wires—and 
pull the element out of the tank. When in¬ 
stalling a heating element, always use a 


new gasket. Bolt the element and the ther¬ 
mostat bracket to the tank. Connect the 
wires to the element and clip the thermo¬ 
stat into place. Close the tank drain and 
turn on the water to refill the tank. When wa¬ 
ter runs from the open hot-water faucet, 
the tank is full. 

Restore power to the water heater only af¬ 
ter it has been filled and only when you have 
finished repacking the insulation around 
the thermostats and screwed the access 
panels into place. 
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CLOTHES WASHERS 

Ever since human beings first wore clothes, wom¬ 
en have cleaned those clothes by beating them 
against rocks along riverbanks. It was hard on 
clothes-and women. The first laundry machines, 
invented in 18th Century England, were muscle- 
powered contraptions that at least kept hands out 
of the water part of the time. From that modest be¬ 
ginning, the washer has evolved into a complex 
machine that, once started, fills and empties itself, 
washes, rinses, spins fabrics damp-dry, regulates 


water temperature, and adds detergent, bleach 
and rinse agents on cue-all automatically. 

This automation has turned the washing ma¬ 
chine into a very complicated appliance, one that 
can quickly be damaged by unknowledgeable tin¬ 
kering. (Nor has human operating error been 
eliminated: when a machine damages fabrics one 
of the most likely causes is overloading.) But there 
are a few repairs, such as replacing a faulty water 
pump or freeing a clogged water hose, that are 
simply managed-and doing even them yourself 
can save the fees servicemen charge simply for 
coming to the house 


MIXING VALVE 


WATER-LEVEL 

SELECTOR 


TEMPERATURE SELECTOR 
TIMER DIAL 


What goes on in a washing machine 

Turning the timer dial Cor pushing a button] 
starts the timer, a clock motor attached to 
switches that control operation. The timer 
first opens a mixing valve While the tub fills 
up with hot. warm or cold water, an air- 
pressure dome senses the increasing wa¬ 
ter pressure, when it indicates water has 
reached the preset level, it signals a pres¬ 
sure switch (page 111J that closes the 
valve The timer also controls the motor 
that works the wash-cycle agitator, then lat¬ 
er spins the basket to whirl out water. 

A pump, driven by the same motor, circu 
lates wash water through a lint filter during 
washing and rinsing During the spin, the 
pump pushes water out of the machine (si¬ 
multaneously cleaning the filter]. An off- 
balance switch stops the washer if an 
unevenly distributed load causes the tub to 
wobble; a spin safety switch operates if the 
lid is raised during the spin cycle. 


SPIN SAFETY SWITCH 
TUB 



AIR-PRESSURE DOME 


PUMP MOTOR 
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How a mixing valve works 

Mixing valves fill the washer with hot, cold 
or warm water depending on which valve 
has been opened. 

When a valve is closed [cold-water valve, 
at right in drawing), a solenoid plunger 
[pages 178-179) blocks a pilot hole in a 
flexible diaphragm, and water from the 
valve port enters a cavity above the dia¬ 
phragm through a bleed hole. Water pres¬ 
sure on both sides of the diaphragm is the 
same, but the total force on top is greater 
because the pressure there affects a g reat- 
er area, and the valve is held closed. 

To open a valve [hot-water valve, at left in 
drawing), the solenoid raises the plunger to 
unblock the pilot hole. Water flows from the 
cavity, lowering the force over the dia¬ 
phragm. Water below the diaphragm lifts it 
and flows into the tub. 


HOT- SOLENOID 
WATER PLUNGER 
VALVE 



DIAPHRAGM 

PILOT HOLE 
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I PILOT HOLE 
DIAPHRAGM 


Why the agitator rocks 

Whenever the washer motor runs, it moves 
a belt that rotates two pulleys, one on the 
basket shaft and the other, called the main 
pulley, at one side, where a small gear on 
its shaft turns the drive gear. As this drive 
gear revolves, a connecting rod causes a 
wedge-shaped gear and the agitator gear 
it meshes with to swing back and forth. The 
washer spins or agitates depending on 
whether or not this agitator gear is locked 
to the agitator shaft. During agitation, the 
agitator gear is pushed down onto a pin jut¬ 
ting from the agitator shaft so the gear can 
rock the agitator back and forth 


How the washer basket spins 

To shift from agitate to spin, the timer re¬ 
leases a solenoid, moving the agitator cam 
bar upward and left, raising the agitator 
gear free of the drive pin on the agitat¬ 
or shaft The same signal sets the pump 
to drain water from the machine. Then an¬ 
other solenoid moves the spin cam bar to 
the left The yoke spring pulls down on the 
brake yoke to engage the basket's clutch 
plate with the rotating basket pulley, the 
basket starts to spin. When the spin cam 
bar is moved out again by the timer, it dis¬ 
engages the clutch and puts on the brake 
to stop the basket, thus resetting the mech¬ 
anism so the machine will be ready to ag¬ 
itate when it is again filled with water. 
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CLOTHES WASHERS continued 


Simple Clothes- 
Washer Repairs 

The parts of an automatic washer that 
circulate water usually require repair 
or replacement more often than oth¬ 
er parts. But their problems also are 
fairly simple to diagnose and fix. 

If the washer fills up more slowly 
than usual, for example, and the wa¬ 
ter pressure at other faucets around 
your house appears normal, check 
the washer hoses. If they are kinked, 
straighten them. If they are leaking, 
replace them. Otherwise, you may 
be able to speed filling by removing 
and rinsing the strainer screens in 
the inlet hoses and valves. 

If the tub does not drain properly, 
you can install a new water pump 
yourself on many kinds of washers. 
But washer malfunctions involving 
the electrical system are difficult to 
troubleshoot and hard to fix without 
special equipment; they are best left 
to a serviceman. 


Cleaning water-inlet strainer screens 

Turn off the water at the faucets, unplug the 
machine, moveitoutfrom the wall, and un¬ 
screw the hoses from the water-inlet valve 
ports on the back of the washer Pry the 
domed strainers out of these ports with the 
blade of a small knife, being careful not to 
damagethemesh Rinse the screens clean 
and put them back, domed side out Screw 
on the hoses finger-tight, then use pliers to 
tighten onethird of a turn more If there are 
similar strainers in the faucet ends of the 
hoses, clean them too 

Check that the machine is level when it is 
back in place If it is not. adjust the leveling 
feet with a wrench An off-level washer will 
wobble when spinning, actuating the off- 
balance switch and turning itself off 



1 Replacing a clothes-washer pump 

In a machine like the one illustrated on 
page 266, you need access from the bot¬ 
tom to replace an ailing pump (on other 
washers, the pump is reached from the 
back) Siphon the water out of the tub. Turn 
off the water and detach the water-supply 
hoses. Then disconnect the washer When 
the tub is empty, carefully tip the washer 
forward onto a spread-out blanket. If the 
pump is leaking or has a worn bearing (it 
rumbles when you turn the pump with the 
drive belt), replace the pump First loosen 
the motor mounting bolt that penetrates a 
slotted hole Push the motor aside to slack¬ 
en the drive belt 























































2 Disconnecting the pump hoses 

Spread an old towel under the pump to 
soak up any water trapped in the hoses that 
might drain onto the floor. To loosen the 
pump hoses, use a pair of locking-grip pli¬ 
ers to squeeze and hold open the tabs of 
the wire clamps that hold the hoses on the 
pump. Then slide the clamps, one at a time, 
along their hoses away from the pump. Set 
the pliers aside and then twist the hoses 
manually off the pump. 


3 Unbolting the pump 


Support the pump with one hand and re¬ 
move the mounting bolts with a socket 
wrench; lift the pump off. To install a new 
pump, attach the two hoses. Engage the 
projecting pump lever with the bar that di¬ 
rects the water flow, and bolt the pump on. 
Attach the drive belt, then tighten it by brac¬ 
ing a hammer handle between motor and 
washer frame to push on the motor, keep 
the belt taut and tighten the mounting bolt. 
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CLOTHES WASHERS continued 



Positioning the drain hose 


Draining the washer into a standpipe Connecting the washer to a floor drain 


One very common way of disposing of 
wash water is simply to empty the clothes 
washer into a largesmk The rim of the sink 
must be high enough-generally about 
three feet above the floor-for the dram 
hose to discharge at a point above the level 
of the water inside the washer Otherwise 
the water might siphon out of the clothes- 
washer tub at the wrong time 


Instead of a sink, a pipe with a diameter a 
bit larger than that of the dram hose can be 
installed directly over a floor dram and the 
dram hose then hooked into it Such a 
standpipe should be tall enough to prevent 
any siphoning action while the washer is 
operating but no taller than four to six feet 
-the maximum height that the washer 
pumpcan lift water as it empties out the tub 


If you must empty the washer directly into a 
floor drain, or if you cannot place the hose 
discharge above the water level in the ma¬ 
chine, install a device called a siphon break 
on the back of the washer four inches 
above the machine's maximum water lev¬ 
el. This accessory, inserted in the drain 
hose, has a valve that lets air into the hose, 
preventing the water from siphoning out. 


The Problem of Replacing Driue Belts 


Clothes-washer manufacturers use drive belts 
made of reinforced rubber to let the expensive 
parts of a washer last longer By stretching or 
even breaking as it absorbs stress, the drive belt 
lessens wear on other parts. 

On most machines, a stretched belt can eas¬ 
ily be tightened by loosening one or two motor 
mounting bolts and forcing the motor in the di¬ 
rection that takes up slack in the belt. Replacing 
a broken belt can be another matter. On some 


types of washers (below, left], installing a new 
belt is easy; on other types (below, right], a con¬ 
siderable amount of disassembly is needed to 
get other parts out of the way so that you can fit 
a new belt around the pulleys. 

If you decide to replace a worn or broken belt, 
buy or borrow a service manual for your wash¬ 
er. It will give detailed instructions for putting a 
new belt on your model and can save you hours 
of needless frustration. 



A simple drive-belt arrangement 

The motor, pump and drive pulleys all ex¬ 
tend through the bottom of the washer at 
left. Once it is tipped on its side, replacing 
the belt is a simple chore. 

A less accessible drive belt 

Pulleys of the was heron the right are inside 
thewashercabinet To install a new belt you 
must unhook a spring, remove several 
bolts and reposition three braces A service 
manual is essential. 
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Troubleshooting Clothes Washers 


Problem 

Possible Causes 

Solution 

Washer does not run 

Power not reaching washer 

Safety switch activated 

Make sure washer is plugged in; 
check to see if fuse is blown or 
circuit breaker tripped 

Be sure clothes are evenly distributed 
in the basket and washer door is 
closed 

Water does not enter tub 

Water supply turned off 

Strainers in mixing valve clogged 
Water-supply hoses pinched or 
kinked 

Washer not turned on 

Turn on the water 

Remove and rinse strainers 

Move the washer if it is pinching 
hoses, or untwist kinks 

Rotate the timer dial a bit farther, or 
push control button firmly 

Motor hums but will not 

Too large a load 

Wash smaller loads 

run 

Too much suds 

Use less detergent or a low-sudsing 
one 

Washer does not agitate 

Loose or broken drive belt 

Tighten or replace the belt 

Water does not drain out 

Kinked or clogged drain hose 

Suds blocking water flow 

Loose drive belt 

Drain hose too high 

Unkink the hose; remove hose and 
flush out with water from a garden 
hose 

Dip excess suds out of washer and 
flush tub with cold water 

Tighten the belt 

Lower the hose so it discharges less 
than six feet above the bottom of 
the washer 

Basket does not spin 

Loose drive belt 

Broken drive belt 

Load unevenly distributed in the 
basket 

Tighten the belt 

Install a new belt 

Reposition the load 

Washer leaks 

Water-inlet hoses loose 

Pump hoses loose 

Hoses broken or split 

Tighten hose connections 

Tighten hose clamps or replace with 
new ones 

Replace with new ones 

Washer vibrates 

Washer not level 

Adjust washer's leveling feet 

excessively or “walks” 
across the floor 

Load unbalanced 

Redistribute the load 

! Washer damages fabrics 

Too large a load 

Too little water 

Too much bleach 

Wash smaller loads 

Use more water 

Use less bleach 

Water is not hot enough 

Inadequate supply of hot water 

Water hoses connected to wrong 
mixing-valve ports 

Check water-heater thermostat, set 
at 140° to 160° 

Reverse the hoses 

Pump makes rumbling 
noise 

Defective pump 

Replace the pump 
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CLOTHES DRIERS 

A typical drier has a heat source (gas flame or elec¬ 
tric coils], motor, drum, fan and controls; and 
even the controls are not complex. They depend 
on bimetallic thermostats like those in coffee mak¬ 
ers [page 236). A dial or button selects one of the 
thermostats to control the duration of the drying 
cycle (some driers have several operating thermo¬ 


stats to provide a choice of temperatures as well 
as different drying cycles]. 

Each thermostat is wired to both the heat source 
and timer-clock motor, turning the timer on only 
after the selected thermostat shuts off the heat 
source. Linking timer to thermostat automatically 
controls the length of the drying cycle, since the 
temperature rises enough to operate the thermo¬ 
stat only after the desired amount of water has 
been evaporated. 


How a drier functions 

Setting the timer and operating the starting 
switch turns on a motor that drives both the 
drum and afan located in the exhaust duct 
At the same time, the heat source goes on. 
I n an electric drier (right) the timer lets cur¬ 
rent flow through heating coils The burner 
in a gas drier (below) fires when the timer 
activates a valve like the solenoid safety 
valve in a gas water heater (pages 258 - 
259) Warm air is thus drawn through the 
clothes in the drum (opposite) 

The operating thermostats are mounted in 
the top of the exhaust duct The one select¬ 
ed with the temperature-control buttons 
monitors air entering the duct, and con¬ 
trols cycling of the timer and heat source 
until the clothes are dry If the operating 
thermostat fails or if the temperature near 
the heat source goes much above 200°. a 
safety thermostat in the intake duct shuts 
off the heat A trap in the exhaust duct 
keeps lint from blocking air flow 
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1 Starting the drying cycle 

When the timer is set, the main-motor arm 
is forced up onto the high part of the cam. 
The arm presses both the main-motor con¬ 
tacts and the heater contact together to 
turn on both the motor and the heater, 
starting the drying cycle. The cam begins 
to rotate when the operating thermostat, 
previously selected by pushing a button or 
turning a knob on the control panel, lets the 
timer motor go on. 


1 


CENTER ARM HEATER CONTACT 



2 Timing the cool-down period 

As the drying cycle continues, the rotating 
cam allows the main-motor arm to fall into 
the first of two notches in the cam circum¬ 
ference. Both the main-motor arm and the 
center arm drop from the upper contact, 
breaking the heater circuit and shutting it 
off. But the downward movement does not 
separate main-motor arm and center arm; 
the main-motor contacts stay together to 
operate fan and drum as the clothes cool. 
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Air flow through the system 

Air for drying the clothes is pulled into the 
machine by a fan located in the exhaust 
duct and driven by the main motor. Since 
the ducts and drum are sealed from the 
surrounding air, starting the fan causes air 
to be drawn through the intake grille at the 
front of the machine and into the intake 
duct. Here it is heated above 150° and 
mixed with a small amount of outside air 
drawn in through the tempering slots to 
prevent scorching the clothes. 

The hot. dry air is pulled into the drum, 
passed through the clothes, and is drawn 
into the exhaust duct and lint trap. Here, 
particles that might block the system are 
caught fo'r a later removal. The moisture¬ 
laden air, its temperature by now reduced 
to perhaps 135°. is expelled through the 
exhaust pipe to the outside air. 

INTAKE GRILLE 


3 


Si 



3 Turning off the drier 

The cam continues to rotate during the 
cool-down period as the clothing temper¬ 
ature drops to a comfortable range The 
cam then lets the main-motor arm drop 
into the deepest notch in the cam. Now the 
main-motor arm separates from the center 
arm, breaking the circuit to the motor and 
stopping fan and drum. More complex dri¬ 
ers may have additional contacts to control 
panel lights and cycle signals. 

















































































CLOTHES ORIERS continued 


Repairs 

Before you take apart a malfunction¬ 
ing drier, check the simple but often 
overlooked trouble spots. If the ma¬ 
chine will not start, look for either a 
blown fuse or a loose plug. If you find 
the clothes are not being adequately 
dried, the lint trap or the exhaust duct 
may be clogged. 

When these faults have been ruled 
out, proceed in the order indicated 
on these pages. Check the thermo¬ 
stats (below) and the door switches 


(page 277) with a continuity tester, 
then look for obvious failures in elec¬ 
tric heating elements, or if you have 
a gas drier, call a service man. If the 
drum does not turn even though all 
electrical circuits are working, the 
drive belt may be broken; how easy 
it is to replace one depends on the 
type of machine (page 276). 

All these tasks require the removal 
of one or more of the drier’s outer 
panels. Most are secured with clips 
or with sheet-metal screws. Impor¬ 
tant: Unplug the drier before starting 
any tests or repairs. 



1 Testing thermostats 

If a drier will not produce heat, check the 
heating element (opposite) and thermo¬ 
stats Most drier thermostats have contacts 
that are closed at room temperature and 
open when hot. To check such a thermo¬ 
stat, remove it from the machine (for typ¬ 
ical locations, see drawing on page 272), 
clip a continuity tester to one of its terminals 
and touch the tester s probe to the other; 
the tester should light Then hold the ther 
mostat briefly near a flame-intense heat 
for more than a moment will damage it A 
click should be heard and the tester light 
should go out If the thermostat is the type 
that is closed when hot and open when 
cool, the tester light should be off during the 
cold test, on during the flame test. 


2 Getting at the heating element 

If an electric drier's thermostats all work, 
check the heating element in the intake 
duct. (For a gas drier, call a serviceman.) 
Take off the rear panel, pull the wires off the 
terminals of the element and safety thermo¬ 
stat, take the intake duct off its brackets 


INTAKE DUCT 
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SCREW 



3 Removing the element from the duct 

The heating element is attached to the in¬ 
take duct by a screw located at the bottom 
of the duct. Once the screw is removed, the 
element easily slides out for inspection. 
Handle it gently; it is easily damaged. 


4 Inspecting the element 

Look for broken or sagging coils, or bro¬ 
ken insulators. An element with a broken 
coil cannot conduct electricity and create 
heat. Sagging coils or a broken insulator 
can impair the ability to produce heat. If you 
find any of these defects, replace the ele¬ 
ment, A sagging coil cannot be stretched 
back into position, cracked insulators can¬ 
not be replaced, and twisting broken coil 
ends back together makes a connection 
that will quickly bum out. 
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CLOTHES DRIERS continued 



FAN PULLEY 

DRUM PULLEY 

CENTER SUPPORT 
POST 

DRUM BELT 
IDLER PULLEY 

BELT TENSION 
SPRING 


Replacing V-belts 

Most driers made today [below and page 
272] are driven by a single V-belt that is ac¬ 
cessible from the front of the machine. The 
belt fits directly around the drum [dotted 
line] with its narrow side facing inward 
Tension is maintained by snaking the belt 
in an S-curve from the motor pulley around 
an idler pivoted on a spring-loaded arm. 

To install a new belt, remove the front pan¬ 
el of the drier and release the belt tension 
spring Then place the new belt over the 
drum and thread it between the two pul¬ 
leys. Replace the spring and front panel. 


Replacing cogged drive belts 


If the drier motor runs but the drum does 
not turn a broken drive belt may be re¬ 
sponsible Older machines (above) have 
two cogged V-belts, the first driven by the 
motor to run the idler pulley and the fan 
The second belt is driven by the idler pulley 
and turns the drum The idler pulley is at¬ 
tached to the center support post by a 
spring-tensioned mount, which allows it to 
move both horizontally and vertically If one 
belt breaks or becomes worn, both should 
be replaced To reach them, remove the 
rear panel and free the idler by detaching 
it from its mounting on the frame Then 
the old belts come off easily and new ones 
can be put on-with cogged sides inward 
Finally, re-engage the tension spring and 
replace the rear panel 
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Testing the door switch 

The door switch, located behind the front 
panel, is a safety device that shuts the drier 
off when the door is opened. If the motor 
runs when the door is open, or will not run 
at all when the door is closed, check first 
for a jammed switch. Jiggle the button or 
lever— usually located in the door recess. 

If jamming is not the problem, make a con¬ 
tinuity test. Remove the drier’s top panel 
and unclip the three leads that go to the 
switch. The terminals on most driers are 
marked "com” [common), "me." (normal¬ 
ly closed) and "mo.” (normally open). With 
the door closed, clip the tester to the com¬ 
mon terminal and touch its probe to the 
normally open terminal. The tester light 
should go on. When the door is opened, 
the tester light should go off. If the switch 
does not respond properly, replace it. 


Troubleshooting Clothes Driers 


Problem 

Possible Causes 

Solution 

Drier will not run 

Drier not receiving power 

Door open or door switch defective 

Timer or motor defective 

Check fuses and circuit breakers 

Test door switch (above) 

Call a repairman 

Drier runs but will not heat 

Defective thermostat 

Defective heating element (electric 
models) 

Defective burner (gas models) 

Test thermostats (page 274) 

Check element for broken or 
sagging coil, or broken insulators 
(page 275) 

Call a repairman 

Drier runs and heats but 
will not dry clothes 

Blocked lint trap or exhaust duct 

Clean lint from trap and duct 

Drum will not rotate 

Broken belt 

Broken tension spring 

Replace belt (opposite) 

Replace spring 

Drier runs with door open 

Defective door switch 

Test switch and replace if necessary 
(above) 
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DISHWASHERS 

I The automatic dishwasher is in many ways an eco¬ 
nomical machine. It saves time for whoever in the 
family has to clean up after meals—every year there 
is an average of 40,000 glasses, dishes, pots and 
pans to do. Dishwashers are water misers besides, 
using about 15 gallons per full load, less than the 


amount generally required by a hand-wash job. The 
operating cost is low, too —the electricity used is 
less than you use in making waffles and bacon for 
the family breakfast, and even lower if you select an 
“air-dry" option, which dries the dishes without 
switching on the heating element. 

Although dishwashers are complex machines, 
many failures are relatively simple to fix, and most 
parts can be replaced as units [pages 280-281]. 



UPPER SPRAY ARM 

— TUB 

DRAIN 
HOSE 


AIR-OUTLET VENT 

CYCLE-SELECTOR 

BUTTONS- 

DOOR LATCH- 

TIMER- 

SWITCH- 


FLOAT SWITCH- 

RINSE-AGENT DISPENSER 
DETERGENT DISPENSER - 
LOWER SPRAY ARM_ 


PUMP - 
MOTOR 


The works of a dishwasher 

After the operator loads the racks, latches 
the door, pushes the cycle-selector button 
and turns the switch, the timer —an electric 
clock that activates the parts in sequence 
- takes over The brains of the machine, it 
controls the hot-water inlet valve, the pump 
that sends water throug h the spray arms or 
out thedrain hose, the detergent and rinse- 
agent dispensers, the dish-drier heating el¬ 
ement. and the valve that lets air out to 
speed drying. At the end of the cycle, it 
shuts off the machine. The only compo¬ 
nents independent of the timer are the float 
valve- a safety device that shuts off incom¬ 
ing water to prevent overflow if the inlet 
valve fails to close-and a screen that pre¬ 
vents clogging of the pump 
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1 Filling the dishwasher 

At the beginning of each wash or rinse cy¬ 
cle, the timer opens the inlet valve to bring 
hot water- ideally at about 150°- into the 
dishwasher [arrows]. The timer shuts off 
the water flow when the proper level is 
reached in the tub, 


2 Washing or rinsing the dishes 

The timer starts the motor [arrow] that 
turns the pump impellers Water pumped 
through the spray arms by the upper im¬ 
peller turns the arms and hoses dishes at 
50 gallons a minute The lower impeller 
pumps no water in this part of the cycle. 


LOWER IMPELLER 



DRAIN HOSE 



3 Draining the dishwasher 


4 Drying the dishes 


At the end of a wash or rinse, the timer re¬ 
verses the direction of the motor [broad 
arrow], so that the lower impeller pumps 
water out of the tub through the drain hose 
[smallarrows], After the final rinse, the tim¬ 
er starts the drying stage. 


After the tub has been pumped dry. the timer 
opens the air vent, allowing the hot, moist air 
to escape [arrows]. If the faster drying of a 
"heated dry" cycle has been selected, the 
timer also turns on the heating element, rais¬ 
ing the temperature to around 180°, 
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DISHWASHERS continued 

Dishwasher Repairs 


Many problems with dishwashers are 
caused by clogging and are reme¬ 
died by cleaning trapped debris out 
of the screen (right) or drain hose. 
Getting inside the pump to unclog it 
or replace corroded parts (below) re¬ 
quires a bit more patience, but offers 
no great difficulties. However, if you 
must replace a timer (opposite), take 
extra care to make sure you hook up 
the numerous wires—they are color 
coded—to the new timer exactly the 
same as they were on the old one. 

Before starting any work suggest¬ 
ed here, remember to turn off power 
to the dishwasher circuit by either re¬ 
moving the fuse or tripping the cir¬ 
cuit breaker at the service panel. 


Cleaning or repairing the pump 

If your machine fails to wash or washes 
poorly, if the motor will not run, or if the wa¬ 
ter does not dram out, the pump is prob¬ 
ably at fault It may be clogged with debris 
or detergent, or parts may be corroded 
The impellers are the parts most likely to 
need replacement 

To clean or replace pump parts, remove all 
the parts in sequence starting with the nut 
shown at the top of this page and proceed¬ 
ing down to the motor shaft (The parts 
sketched here are typical, but details may 
differ) Lay the parts out in a line so you can 
put back the good ones in correct order 
Discard the 0-ring and put in a new one, 
since used seals seldom work well 


MOTOR SHAFT 
TUB BASE 



Cleaning a spray arm and screen 

If dishes do not come out clean, a glance 
will tell you if the screen or spray arm is 
clogged with food or debris These parts 
are easily removed for cleaning by un¬ 
screwing the nut on top of the spray arm. If 
a spray arm breaks, its replacement is in¬ 
expensive and quick. 
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Replacing a timer 

If the timer does not advance—after you 
have made sure the door is latched, the 
switch is on. and the fuse or circuit breaker 
is operative-the timer motor is probably 
defective. The whole unit must be replaced 
Pull off the knobs, and remove the side and 
front panels. Hold the new timer next to the 
old one and transfer the wire connectors 
one by one to their correct positions on the 
new timer. [They slide on, requiring no 
screwdriver or solder ] Remove the old 
timer from the door and attach the new 
one Replace the panels and knobs. 


Troubleshooting Dishwashers 


Problem Possible Causes Solution 


Dishwasher does not run 

Power not reaching dishwasher 

Door not latched 

Cycle-selector button not fully 
depressed 

Defective door-latch switch 

Defective timer 

Check fuse or circuit breaker 

Latch door securely 

Push selector button ail the way in 

Test switch with continuity tester 
[page 137] and replace if necessary 

Turn timer slightly; if it does not 
advance, replace it 

Dishwasher does not fill 
or overfills 

Defective float switch 

Lift float to check for freedom of 
movement, if switch does not click 
on and off, check continuity with a 
tester and replace if defective 

Dishes are not 
satisfactorily cleaned 

Spray arm clogged 

Spray arm not rotating 

Water temperature too low 

Clean holes in spray arm 

Make sure nothing obstructs 
spray-arm rotation 

Adjust water-heater setting 

Water does not drain 

Drain hose kinked 

Either impeller jammed or lower 
impeller broken 

Straighten drain hose 

Disassemble pump, and clear or 
replace impeller 

Motor hums but does not 

run 

Impeller jammed 

Disassemble pump and clear 
impellers 

Motor does not run 

Defective timer 

Defective motor 

Replace timer 

Have motor replaced 
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REFRIGERATORS 


The refrigerator is the one major appliance that 
Americans cannot do without: 99.9 per cent of all 
United States homes with electricity have refriger¬ 
ators. The machine's popularity as a food preserv¬ 
er is a surprisingly recent phenomenon, however. 
The principles were known as early as 1748. a liq¬ 
uid absorbs heat from its surroundings when 
it evaporates into gas; a gas releases heat when it 
condenses to liquid. But it was not until the mid- 
1920s that the availability of small motors, wide¬ 


spread power distribution and mass production 
combined to bring a refrigerator to every home. 

In addition to keeping foods cool or frozen, a re¬ 
frigerator may have many convenient extras: a fan 
to ensure that chilled air is evenly distributed 
through the compartments, a device to make ice 
cubes automatically, even a small heater to keep 
butter spreadable. But the most convenient im¬ 
provement of recent years was the introduction of 
devices that defrost the machine automatically 
-either by constant evaporation [a “frost-free” 
type) or at intervals [below] so that frost melts and 
drains into a pan. 
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A self-defrosting refrigerator-freezer 


The heart of the refrigerator cooling sys¬ 
tem, as in air conditioners [pages 334- 
339), is the compressor that squeezes 
refrigerant gas and pumps it to the con¬ 
denser, where it becomes a liquid, giving 
up heat in the process The condenser fan 
helps cool it The refrigerant is then forced 
through a thin tube; as it escapes this con¬ 
straint and is sucked into the larger tube of 
the evaporator, it boils back into a gas 
again, absorbing some heat from the food- 
storage boxes while it does so. The evap¬ 
orator fan distributes the chilled air 


CAPILLARY 
TUBE 

COMPRESSOR TIMER 


In the defrost phase, initiated by the timer, 
a heater melts frost in the freezer, the drain 
pan catches melt water and the defrost lim¬ 
iter turns off the heater before frozen food 
melts. The mullion heater prevents con¬ 
densation between the compartments The 
freezer thermostat turns the compressor 
on and off, and the temperature control 
limits cold air entering the refrigerator. 









































































































































1 The compressor ready to pump 

Inside the compressor cylinder is a roller 
mounted off-center on a motor shaft. In the 
schematic drawing, the roller, which is 
turning counterclockwise, pushes against 
gas [dark blue] trapped in front of the roll¬ 
er, forcing the gas through an outlet valve 
into the condenser. Other types of com¬ 
pressors have blade- or piston-operated 
pumps thatachieve the same purpose. 


2 The roller in mid-cycle 

The compressor’s roller continues to ro¬ 
tate, forcing more gas through the outlet 
valve. As the roller rotates, the space be¬ 
hind it grows larger and gas from the evap¬ 
orator [light blue] is sucked through the 
intake port [left] into the compressor cylin¬ 
der. A blade, held continuously pressed 
against the roller by a spring, keeps the gas 
in the intake and outflow areas separated 
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The refrigeration cycle 

As a refrigerant is alternately vaporized to 
absorb heat and liquefied to give it up, it fol¬ 
lows the path shown at left. In liquid form, 
it is pushed by the compressor through the 
capillary tube and evaporates, soaking up 
heat. The warmed gas is sucked back into 
the compressor and pumped through the 
condenser, losing heat as it changes back 
to a liquid. The drier-filter removes any 
moisture and impurities that get into the 
system during manufacture. This system is 
sealed, so problems here require the atten¬ 
tion of a serviceman. 


Distributing chilled air 

In a self-defrosting refrigerator, a fan draws 
air over the evaporator, where it is chilled, 
and then blows it through ducts to cool 
food stored in the freezer and refrigerator 
compartments. Moisture condenses into 
frost on the cold evaporator coils; it is evap¬ 
orated or melted and drained away when 
the coils are warmed during the defrosting 
cycle. An adjustable baffle partially blocks 
the air flow into the refrigerator so it does 
not get as cold as the freezer. 


3 The roller at the cycle’s end 

The roller has now forced all of the original 
charge of gas through the outlet valve, 
which closes to prevent any backflow In 
the meantime, the space behind the roller 
has expanded to its maximum size and is 
filled with gas from the evaporator Finally, 
as the roller continues to turn, it will force 
the new charge of gas around the cylinder 
to the outlet valve. 
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REFRIGERATORS continued 


Checking Out Controls 

Temperature control is the key to 
economical food preservation in a 
refrigerator. The thermostat controls 
freezer temperature directly and au¬ 
tomatically, while cold coming from 
the freezer chills the other compart¬ 
ments. Check temperatures with a 
thermometer. The freezer compart¬ 
ment should be 5° or less. In a self¬ 


defrosting refrigerator there will also 
be an automatic or manual control to 
regulate cold-air flow to the refriger¬ 
ator compartment, where the tem¬ 
perature should be near 35°, and a 
timer to run the defrosting heaters. 

To operate efficiently, refrigera¬ 
tors must be tightly sealed to keep 
heat out. Close the door on a dollar 
bill; the door gasket should grip it as 
you try to pull it out. If it comes out 
easily, check the gasket (page 286). 


Two temperature controls 

All refrigerators come with one thermostat 
(right) that keeps storage compartments 
cold by turning the compressor motor on 
and off to chill coils alongside a wall of the 
freezer In some models, a second control 
adjusts the temperature in the refrigerator 
compartment by opening or closing a duct 
bringing in cold air 



Checking the refrigerator control 

If the refrigerator is too warm and the freez¬ 
er is normally cold, and adjusting dials 
does not help, make sure air ducts are un¬ 
obstructed Then check the refrigerator 
control, set it at midrange, take off the 
knobs and snap off the front panel Mea¬ 
sure the opening of the air-duct door 
(right) Turn the freezer thermostat off and 
open the refrigerator If the air-duct door 
does not open wider as the refrigerator 
warms up. the control needs replacement 
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Checking the freezer thermostat 

If the freezer is too warm or the compres¬ 
sor runs erratically, and adjusting the ther¬ 
mostat dial does not help, then check the 
thermostat Unplug the power cord Un- 
1 screw the thermostat and gently pull it out 
1 Disconnect its wires and tape their ends to¬ 
gether with electrical tape Then plug in the 
power cord If the refrigerator then oper¬ 
ates normally, or if it does so when you turn 
the defrost timer (opposite) with a coin un- 
t til it clicks out of the defrost setting, the 
thermostat will need replacement. For any 
other temperature problem, consult the 
! chart on page 287 



284 































































































CONTACT 

ARM 


1 Bellows thermostat: 


on 


The bellows thermostat is equipped with a 
switch that is turned on and off by expan¬ 
sion and contraction of fluid A bulb, con¬ 
nected to the bellows by a long tube, is 
mounted on the evaporator and reacts to 
temperature there If the evaporator gets 
too warm, fluid in bulb and bellows ex¬ 
pands. The bellows pushes the rocker arm 
away from the contact arm; switch con¬ 
tacts close; the motor starts cooling. 

2 Bellows thermostat: off 

Whenever the temperature falls, the fluid 
shrinks, the bellows contracts, and the 
rocker arm is pulled by a spring until it 
opens the contacts, turning off the motor. 
By turning the control knob, tightness of 
the bellows spring can be varied so the 
thermostat will turn the compressor on and 
off to maintain a selected temperature 





Testing the light switch 

If the refrigerator light does not turn on, 
check the bulb If it is good, unplug the 
power cord, pry out the light switch gently 
and disconnect its wires. Test the switch 
with a continuity tester [page 137). The 
tester light should be on with the plunger 
out, off with the plunger in. If the switch is 
defective, replace it There may be a similar 
switch to control the air-circulating fan. a 
continuity tester checks it, too. 


Checking the defrost timer 

If a frost-free refrigerator does not defrost, 
check the defrost timer. If its motor is noisy 
or the timer knob does not advance, the 
motor is defective. Have the timer replaced. 
If the motor works, turn the timer dial with a 
coin (above). Normally, the timer should 
click and the unit should begin defrosting. 
If it does not, either a switch inside the tim¬ 
er, or the heating elements, may be defec¬ 
tive. Call a serviceman 
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REFRIGERATORS continued 



GASKET 


GASKET-RETAINING 

STRIP 


RETAINING SCREWS 

Replacing a defective door gasket 

i A door gasket so worn or dirty that it lets 
cold air leak out is wasteful. Dirt and grease 
can be removed with detergent and water 
To replace a defective gasket, at first re¬ 
move only the top section of gasket retain¬ 
er and the top couple of screws on each 
side Strip out the top of the gasket, replace 
it with the new one. and replace the top re¬ 
tainer. One at a time, do the same with the 
other three sides On most refrigerators, 
the gasket overlaps the gasket-retaining 
strip (below), so you will have to peel back 
the gasket to reach the retaining screws 
The job is easier if two people work togeth¬ 
er Do not remove all retainers at once the 
door shelving might come off or the door 
might warp out of shape 


Most door gaskets have magnets enclosed 
in the rubber on all but the hinge side to 
hold the door snugly closed and keep the 
cold air from leaking out The magnets are 
used in place of the latches found on older 
refrigerators and eliminate the danger that 
a child may lock himself inside. 
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Troubleshooting Refrigerators 


Problem Possible Causes Solution 


Refrigerator does not run 
and light is out 

Power not reaching refrigerator 

Check fuse or circuit breaker: 
receptacle [page 143]; cord [pages 
186-187] 

Refrigerator does not run 

Defective thermostat 

Have thermostat replaced 

and light is on 

Overheated compressor 

Clean condenser coils; check 
condenser fan, allow adequate 
ventilation 


Timer at defrost setting 

Adjust timer [page 285], have it 
replaced if necessary 


Defective compressor 

Call serviceman 

Compressor runs but light 

Burned-out bulb 

Replace bulb 

is out 

Defective light switch 

Check switch [page 285]; replace if 
necessary 

Compressor starts and 

Low power-line voltage 

Remove other appliances from the 

immediately stops 


circuit 

Refrigerator runs but does 

Temperature controls set too warm 

Adjust temperature controls 

not cool 

Defective temperature controls 

Check controls [page 284]; have 
replaced if necessary 


Door open too often 

Open less often 


Faulty door seal 

Adjust latch; make sure refrigerator 
is level; check gasket and replace if 
necessary [opposite] 


Air ducts blocked 

Remove obstructions 


Room too warm 

Reduce room temperature or move 



refrigerator to a cooler room 


Dirty condenser 

Clean condenser coils. 


Defroster always on 

Check timer [page 285]; have it 
replaced if necessary 


Defective evaporator fan 

Make sure fan is on with all 
door-operated switches depressed; 
call serviceman 


Defect in sealed system 

Call serviceman 

Refrigerator too cold 

Temperature controls set too warm 

Adjust controls 


Defective temperature controls 

Check temperature controls [page 

284]; have replaced if necessary 

Excessive frost 

Door open too often 

Open door less often 

accumulation 

Faulty door seal 

Adjust latch: make sure refrigerator 
is level: check gasket and replace if 
necessary [opposite] 


Defective defrost timer 

Check timer [page 285]; have it 
replaced if necessary 


Air humidity too high 

Consider dehumidifier if condition 
persists 


Defective defrost heater or defrost 
wires 

Call serviceman 

Refrigerator noisy 

Machine not level 

Adjust leveling screws in base 
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COOKII\IG RANGES 

The modern kitchen range, whether it has gas 
burners [below] or electric elements [pages 291 - 
293), can boil a quart of water in less than six min¬ 
utes But the electric range heats more efficiently 
than a gas range, because about 75 per cent of 
the electric energy reaches the food as heat 
-cooking utensils sit directly on top of the heating 
element. Only 40 per cent of a gas burner’s heat 


reaches the food, its open flame dissipates the rest 
to the surrounding air. Electric ranges, on the oth¬ 
er hand, cost more to operate, and they cost more 
to buy than comparable gas ranges because they 
require more expensive materials and labor 
Replacing an electric-range element [pages 
292-293) is an easy job. So is adjusting a gas burn¬ 
er [right). But before adjusting a burner, make 
sure it is not tilted or loosely connected to the man¬ 
ifold, and is not affected by drafts; such faults often 
make flames burn inefficiently. 


OVEN THERMOSTAT BURNER 


PILOT GAS SUPPLY 



How a gas range heats 


Fuel for the range- natural or bottled gas- 
flows into a pipe called a manifold, to which 
the valves for the burners and oven are at¬ 
tached When a burner valve is opened, gas 
rushes from the manifold into an air-mixing 
chamber, drawing air into the chamber As 
the gas-air mixture enters the burner, some 
flows through a side port and an open flash 
tube to an ignition device-either a spark 
igniter, as shown here, or an old-fashioned 
pilot light. On modern ranges an ignition 
mod ule at the range's back generates a tiny 
high-voltage spark that jumps across a gap 
in the igniter, in much the same arrangement 
as the ignition coil and spark plug of an auto¬ 
mobile The flame kindled by the igniter or 
pilot light flashes back through the tube to 
light the burner. 


On modern ranges the broiler-oven burner is 
governed by a thermostat and a safety valve 
When the oven is turned on, electricity heats 
a silicon carbide glow bar, or coil, beneath 
the burner When this bar reaches about 
2.000°F the safety valve opens, allowing 
gas to flow through the burner and be ignited 
by the glow bar, which remains hot as long as 
the flame is burning. The burner thermostat 
controls the glow-bar circuit and the flow of 
gas, shutting off both when the oven reaches 
the preset temperature Older ranges use a 
pilot light rather than a glow bar to heat the 
safety-valve sensor and light the burner 
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Adjusting the gas burner 

Whenabumercontrolknobisseton“HIGH,’’ 
the outer flame should be blue with a blue- 
green inner cone about three quarters of an 
inch long. If the flame does not meet this de¬ 
scription, the gas-air mixture may need re¬ 
adjusting. Use a wrench to turn the adjusting 
nut clockwise to increase gas flow, counter¬ 
clockwise to decrease it. 

To vary the amount of air, loosen the air- 
mixer adjusting screw and slide the mixer 
plate to change the size of the opening to 
the mixing chamber. Improper flame con- 
ditions-and how to recognize and cure 
them—are outlined in the troubleshooting 
chart on the next page. 




Checking a spark igniter 


If the igniter does not spark visibly and emit a 
rapid clicking sound when the control knob is 
turned to “LITE," inspect the igniter elec¬ 
trode and cap for dirt. If necessary, clean the 
parts gently with a soft cloth. Caution: The 
igniter parts are delicate. Never clean them 
with liquids or abrasives. If the igniter still 
does not spark, turn off the power to the range 
and carefully inspect the wires between the 
control knob, the ignition module on the back 
of the range and the igniter. If none appears 
loose or burned, unplug the igniter and the 
ignition module and take them to a repair 
shop for testing. 

Adjusting a pilot light 

Pilot flames should be three sixteenths of an 
inch high and blue with a yellow-tinged tip. If 
one is too small or goes out easily, pull off the 
pilotshield and clear the opening with a pin. 
If the flame is still small, turn the adjusting 
screw counterclockwise. 
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COOKING RANGES continued 


Adjusting the oven thermostat 

If the oven bakes too fast or too slow, its 
thermostat may need recalibration Place a 
mercury-filled oven thermostat in the oven 
and set the oven dial to 350°. If, after 10 to 20 
minutes, the thermometer indicates a tem¬ 
perature differing by more than 100 degrees 
from the dial setting, have the thermostat re¬ 
placed If the error is less, pull the control 
knob off and turn the calibration screw to a 
lower or higher temperature, A quarter turn 
makes a change of about 25 degrees on 
most models, but recheck with the thermom¬ 
eter after adjustment. Do not touch the selec¬ 
tor screw that adjusts for natural or LP gas. 



Troubleshooting Gas Ranges 


Problem 

Possible Causes 

Solution 

Top burner will not light 

Defective igniter system 

Pilot light out 

Clogged ports in burner or pilot 

Replace igniter or module 

Relight pilot 

Clean ports with a pin [page 289) 

Pilot flame goes out 

Too much air in fuel mixture 

Too little gas reaching pilot 

Partially close mixer plate [page 289) 
Adjust pilot to three-fourths-mch 
height [page 289) 

Top burner flame yellow- 
tipped 

Too little air in mixture 

Partially open mixer plate [page 289) 

Noisy, blowing flame 

Too much air in mixture 

Partially close mixer plate [page 289) 

Burner flame too high 

Too much air/gas mixture reaching 
burner 

Reduce both air and gas [page 289) 

Flame produces soot 

Too much gas in mixture 

Reduce gas in mixture [page 289) 

Oven does not light 

Defective glow bar 

Pilot light out 

Replace glow bar 

Relight pilot 

Oven does not maintain 
set temperature 

Oven thermostat not calibrated 
properly 

Test and recalibrate oven thermostat 
[page 289), if necessary 

‘Gas ’ odor with all pilots 
lighted 

Possible gas leak 

Call utility company or serviceman; 
do not use range until it has been 
checked 
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The Electric Range 

Benjamin Franklin cooked a turkey 
with electricity in 1749 in Philadel¬ 
phia, but the first electric range was 
not built until 1896. Since then, many 
small refinements have been added, 
but its operating principle remains 
much like that of the heating element 
in an electric skillet (page 235). 

Although some ranges will include 
complex accessories such as rotis- 
series and meat-roasting probes, the 


only complicated standard parts are 
tOf>element controls (page 292), 
which provide any desired degree of 
heat. All the heating elements in the 
electric range—including those for 
the oven and the broiler—are sealed 
units that are impervious to food and 
water spillage. But rough usage can 
cause a short circuit, and the ele¬ 
ment will fail to heat. They are easy 
to replace (pages 292-293). Impor¬ 
tant: Before you work on the ele¬ 
ments, turn off power to the range at 
the service panel. 


OVEN THERMOSTAT 
CONTROL 


INFINITE SWITCH 
CONTROLS 



HEATING ELEMENT 


TERMINALS 
DRIP PAN 
■VENT 


BROILING ELEMENT 


How the electric range heats 

When a control knob for one of the top 
heating elements is turned on, the switch 
(page-292) behind it meters electricity to 
the element at the selected rate. All of the el¬ 
ements are constructed of nichrome-alloy 
resistance wire sealed inside stainless-steel 
sheaths. The top elements are flat and tight¬ 
ly coiled to expose a maximum heated area 
to the cooking utensil. Most ranges provide 
three top elements that are six inches in di¬ 
ameter and another, for large pots, that is 
about eight inches across. 

The oven has two elements: an upper that 
is chiefly for broiling, a lower for baking. 
They are broadly looped to cover as wide 
an area as possible, ensuring even heating 
throughout the oven. On many ranges the 
temperature is regulated by the same type 
of thermostat used in a gas-range oven. 


OVEN HEATING ELEMENT 












































COOKING RANGES continued 



v \-n 

CONTACT ARM LEVER SPRING 


1 An infinite switch: off 


2 


2 


BIMETALLIC STRIP 



One of many low settings 



3 


3 The high setting 


With two springs, a magnet, a cam. and a 
bimetallic strip inside a heating coil, this in¬ 
finite switch gives completely variable heat 
adjustment instead of a few settings When 
the control knob is at the off position, the 
cam presses its slimmest part on a lever 
spring The lever spring pushes up the 
contact-arm spring with maximum force, 
pivoting thecontactarm left to open thecir 
cuit The cam lets the springs push hard 
enough to hold the contacts apart despite 
the attraction of a magnet 


As the knob turns, fatter parts of the cam 
bear on the lever spring, decreasing lever 
age The magnet overcomes the spring, 
closing the contacts to the heating element 
Current also flows through the heating coil 
around the bimetallic strip, heating and 
warping it slightly The strip bends the arm 
against the magnetic attraction-adding 
more separating force to the spring lever¬ 
age Atsomepoint—depending on howthe 
cam adjusts spring pressure-the magnet 
is overcome and the contacts open 


When the knob is set to the high position, 
the thickest part of the cam bears on the le¬ 
verspring pressing it down so far that it ex¬ 
erts no leverage at all on the contact arm 
The magnet holds the contacts together, 
and only the bimetallic strip exerts any sort 
of separating force The strip bends, but by 
itself it is unable to warp the movable arm 
sufficiently to overcomethe pull of the mag¬ 
net and thereby open the contacts. At this 
setting, the element stays on and reaches 
its highest temperature 




WIRES FROM 
TERMINAL BLOCK 


Testing and replacing a top element 

If a top element on an electric range does 
not heat properly, test it by removing the el¬ 
ement from its terminal block Also remove 
another element of the same size that is 
working properly Ranges with infinite 
switches [above] usually have elements 
with two terminals Some can simply be un¬ 
plugged [right]; others have terminal wires 
held by screws [left] Ranges with other 
types of switches often have elements with 
three or more wires, before disconnecting 
these, make a diagram showing which col¬ 
ored wire goes to which terminal 

Attach the suspect element to the terminal 
block of the properly operating element, 
and turn on the switch If the element still 
does not heat, it should be replaced If the 
element heats, its own terminal block, wir¬ 
ing or switch is faulty Call a serviceman 
and have them checked 


TERMINAL BLOCK 
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Removing an oven heating element 

If the top burners work but the oven or 
broiler will not heat, the problem could be 
an element, the thermostat, the timer or 
even the wiring. Remove the element by 
taking off its front support bracket and un¬ 
screwing its rear mounting bracket from 
the' back of the oven. Then pull on the el¬ 
ement gently to drag out the wires leading 
to the terminals, and detach them. 

Take the element to a repair shop for test¬ 
ing . If the element passes the test, the ther¬ 
mostat or the wiring is defective and must 
be replaced bya serviceman. If the element 
is faulty, you can replace it yourself. When 
connecting the new element, be sure to 
feed the wires carefully through the open¬ 
ings in the back of the oven. 




WIRES FROM 
TERMINAL BLOCK 


REAR BRACKET \ 


Troubleshooting Electric Ranges 


Problem 

Possible Causes 

Solution 

No elements heat 

Power not reaching range 

Check fuse or circuit breaker 

A top element does not 
heat 

Defective top element 

Faulty terminal block, wiring or 
switch 

Test element [opposite] and replace 
if necessary 

Call a serviceman 

One rear unit will not heat 

Oven set for cleaning cycle 

Because vapors vented during 
cleaning get a rear unit very hot, it 
will not function when the oven is set 
to clean 

Oven does not heat 

Faulty oven element 

Automatic timer improperly set 

Defective thermostat or wiring 

Remove element [aboveJ and have it 
tested 

Reset automatic timer to "MANUAL" 
and advance time-of-day clock 24 
hours 

Call a serviceman 

Broiler does not heat 

Faulty broiler element 

Defective thermostat or wiring 

Remove element and have it tested 

Call a serviceman 

Oven does not brown food 

Faulty broiler element 

Remove element and have it tested 

Oven does not maintain 

Oven thermostat improperly 

Test and recalibrate oven thermostat 

set temperature 

calibrated 

[page 289) 

Oven lamp will not light 

Lamp burned out 

Replace with bulb especially 
designed for use in oven 
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COOKING RANGES continued 


The Microwave Oven: 
Cooking by Radar 

The fact that electromagnetic waves 
can generate heat has long been 
known; after all, sunlight, a form of 
electromagnetic energy, warms ma¬ 
terials it shines on But it was not until 
1946 that the idea of cooking with ra¬ 


dar first dawned on an engineer who 
proceeded to use the emissions of a 
radar tube to make popcorn. 

Microwave ovens, unlike gas and 
electric ranges, which create heat 
and transfer it to the food, generate 
electromagnetic waves that oscillate 
much more rapidly than ordinary ra¬ 
dio waves—closer to the frequency 
of light waves. These microwaves 
magnetically agitate the food mole¬ 


cules, causing them to heat faster 
than an ordinary oven can. Since the 
microwave-induced heat penetrates 
only about three quarters of an inch, 
many foods must stand briefly out¬ 
side the oven after exposure to the 
microwaves to cook through, and 
may need browning by conventional 
cooking. Because microwaves can 
damage human tissue, follow manu¬ 
facturers’ precautions. 


Inside a microwave oven 

The oven, turned on by setting the timer, 
starts only when the oven door has been 
closed and latched House current flows to 
a transformer to boost the normal 120 volts 
to 4.000 volts Then a capacitor-which 
along with an element in the magnetron 
base, passes current in one direction only 
-changes the AC to DC The current next 
enters the magnetron [opposite], which 
generates high-frequency electromagnetic 
waves From the magnetron, the waves go 
into a wave guide, a rectangular conduit 
that channels them toward the oven 


WAVEGUIDE 
ANTENNA 
CAPACITOR 



TRANSFORMER 
COOLING FAN 
FUSE 
MAGNETRON 
TIMER 


As the microwaves enter the oven, a fan 
like mechanism called a stirrer bounces 
the waves down into the oven [oppositeJ 
where they are then absorbed by the food, 
causing it to cook 

The magnetron is protected from over¬ 
heating by a fan and a thermostatic switch. 
A fuse in the power line protects against 
electrical overload 
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How microwaves are generated 

When electricity enters the cathode of the 
magnetron, it gives off electrical particles 
called electrons. They travel toward the an¬ 
ode, a slotted tube surrounding the cath¬ 
ode. But the magnets repel the electrons, 
which interact with the slotlike cavities to 
take a circular path around the cathode. 
The orbiting electrons constitute a current 
that reverses direction rapidly, generating 
electromagnetic waves [wavy lines] that 
change at the same rate. The antenna 
feeds the waves to the wave guide [arrow]. 

STIRRER MAGNETRON 


How the microwaves reach the oven 

The microwaves travel through the wave 
guide to the stirrer, whose blades, revolv¬ 
ing 60 times per minute, bounce them 
around the oven like a slow-moving fan re¬ 
flecting a sunbeam. The waves are further 
bounced around by the oven walls to strike 
the food from all angles and cook it evenly. 
Since metal reflects the waves, only glass 
shelves and glass or paper utensils are 
used inside the oven. 


GLASS SHELF 



hM 


V '"W 

\ X / 

w V" 



1 Before cooking: random molecules 

Ordinarily, the molecules [black and white 
ovals] in a turkey—or any other food-are 
arranged at random. They contain positive 
and negative electrical charges, however, 
which interact with the electromagnetism 
of microwaves, causing the molecules to 
turn and heat by friction. 


2 Bringing molecules into order 

When the oven is turned on, the positive 
and negative electric charges of the food 
molecules respond to the electromagne¬ 
tism of the microwaves like iron filings to a 
bar magnet. The molecules line up so that 
their charges lie parallel to the lines of force 
in the magnetic field [wavy lines]. 


3 Turning molecules around 

As the microwaves' magnetic field chang¬ 
es direction [wavy solid and dashed lines], 
the food molecules move to keep them¬ 
selves lined up. The microwaves reverse 
direction 4.9 billion times a second: the 
food molecules oscillate equally fast, cre¬ 
ating friction that causes them to heat. 
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Why You Should—and Can— 
Adjust Your Own System 


In all the world, no one has quite the same heat¬ 
ing conditions that you do. Whether your 
house is too warm, too cold or just right, it 
is unique. Even identical houses in a tract, 
equipped with identical heating systems, heat 
differently. All sorts of things affect your com¬ 
fort and the amount of fuel you consume to 
achieve it. The number of lights you keep on, 
for example. The amount of baking and cook¬ 
ing you do. The size of your family. The house 
location and exposure. 

Even a computer could not take into account 
all the factors involved. So heating systems are 
designed by formula—and by some educated 
guesswork. When a heating contractor installs 
one, he considers the number of rooms and 
their size, and whether the house is insulated 
or not, but usually gives only a cursory glance 
at such factors as type of construction and win¬ 
dow area. Then he consults a formula to deter¬ 
mine how much heat the house needs. Heat is 
measured in British thermal units, or B.T.U.s 
— a B.T.U. being the amount of heat necessary 
to raise the temperature of one pound of water 
1°F. Heating plants are rated according to the 
number of B.T.U.s they can produce per hour. 
For a typical eight-room house, the heating- 
plant capacity may range, depending largely 
on the climate of the region, from 80,000 to 
140,000 B.T.U.s per hour. 

Most contractors are inclined to lean toward 
what they consider the safe side by installing 
a unit with higher capacity than the formula 
calls for. But an oversized heating plant is 
wasteful. It generates a lot of heat quickly and 
shuts off. While it is off, the combustion cham¬ 
ber and the pipes or ducts get cool; when it 
starts up again, it must use extra fuel to reheat 
these components. Heating is also uneven: 
rooms get too hot, then too cold. 

The most efficient heating plant is one that 
has just the right hourly B.T.U. capacity and 
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runs almost continuously. It provides an even 
flow of warmth to all parts of the system and, 
by not having to reheat itself intermittently, 
saves fuel. A plant with a woefully inadequate 
B.T.U. capacity is, of course, a homeowner’s 
nightmare. His only recourse is to get a bigger 
plant or install auxiliary space heaters. 

But even a heating system that is exactly the 
right size rarely heats all rooms equally. A per¬ 
fect balance is impossible, but many systems 
can be regulated to achieve fairly uniform com¬ 
fort. It takes a lot of living with any system to 
achieve this goal. Because of the many vari¬ 
ables involved, it is up to you to determine 
whether the system is doing its job —unless 
you want a heating engineer for a house guest 
all winter. The first step toward diagnosing 
problems —and solving some yourself —is to 
get acquainted with the principal kinds of sys¬ 
tems and their components. 

Direct heat and central heat 

Some 22 million American homes have a direct- 
heat system —a throwback to the era of fire¬ 
places and potbellied stoves. The heating 
apparatus exudes warmth directly to the space 
where it is located. Electricity provides a par¬ 
ticularly comfortable source of direct heat. Re¬ 
sistance wires, similar in principle to the 
elements in a toaster, run through baseboard 
units (pages 324-325) or may be strung inside 
walls, ceilings or floors; individual thermostats 
control the temperature in each room. 

The great majority of homes, however, have 
central-heat systems. These systems are pop¬ 
ular largely because they are more efficient 
and can be located in an out-of-the-way place, 
yet can heat the entire house. Central systems 
are made up of several distinct units: 

■ HEAT PRODUCER. This may be an oil, gas 
or wood burner, an electric heater or a heat 
pump (page 329), alone or in combination. 


■ HEAT EXCHANGER. This unit is called a 
furnace if it heats air, a boiler if it heats wa¬ 
ter or makes steam. The air, water or steam 
goes through passageways inside the exchang¬ 
er that keep it separated from the combustion 
gases of the burner; the gases are expelled 
through a flue. Any of these heat exchangers 
can be hooked up to any of the several kinds 
of heat producers. 

■ HEAT DISTRIBUTOR. There are three types, 
one for each type of exchanger. In a warm-air 
system, the air is drawn into the exchanger by 
a large fan (a blower) and sent through ducts 
to warm-air registers. In a hot-water system, 
water is forced through the exchanger by a 
pump (a circulator) and sent through pipes to 
convectors, a type of radiator. Steam rises un¬ 
der its own pressure from the exchanger, going 
through pipes to radiators. 

■ CONTROLS. Most homes have one thermo¬ 
stat in the living area to turn the heating plant 
on and off. But some achieve closer control 
with several, and a few installations sense out¬ 
side temperature in order to respond more to 
weather changes. 

The most common problem with central sys¬ 
tems is uneven heat: rooms nearest the heat 
producer get too hot, those farther away never 
get warm enough. Since tinkering with one 
part of a system may affect other parts, adjust¬ 
ments may take days or weeks; so this is pri¬ 
marily a job for the homeowner. 

Steam systems are least amenable to adjust¬ 
ment, but the heat of individual radiators can 
be regulated by turning the dial on each air 
vent (page 323). If your vents are not adjust¬ 
able, change them; they are not expensive. 

Hot-water systems are frequently divided 
into zones for different parts of the house; tem¬ 
perature in each zone is regulated by a sepa¬ 
rate thermostat (page 316). Other systems may 
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have balancing valves in the basement piping; 
for a full flow of water, turn a screw in each 
valve so that the screw slot is parallel with the 
pipe; turn the screw at an angle to restrict 
flow. In some systems, the convectors in each 
room have water-inlet valves; open or close 
them in order to adjust the flow of warm water 
into the convector. 

Warm-air systems offer the most possibilities 
for adjustment. The basic method is to position 
dampers inside the warm-air ducts to regulate 
air flow (page 312). Generally the damper con¬ 
trolling air flow to the most distant room is 
fully open, the one nearest the furnace almost 
closed. Adjust the air flow to all rooms by 
speeding up or slowing down the blower. On 
many units, this is done by adjusting the blow¬ 
er pulley to change the ratio between the motor 
drive and the blower (page 314). On other mod¬ 
els, speed is regulated by moving a switch or by 
changing the blower’s electrical connections. 
Lowering the temperature at which the blower 
turns on starts warm air circulating sooner and 
saves fuel by using all the furnace heat. 

Improving the efficiency of any heating sys¬ 
tem is important in times of soaring fuel costs. 
Some of the most effective steps: 

■ Insulate the attic. Six inches of insulation 
can cut fuel consumption up to 25 per cent. Ten 
inches will work even better in cold regions. 

■ Weather-strip doors and windows. 

■ Add storm doors and windows; in cold areas 
they will pay for themselves in a few years. 

■ When a fireplace is not in use, keep the 
damper closed; an open chimney wastes heat. 

■ Put heavy draperies on doors and windows, 
and keep them closed at night and when rooms 
are not occupied. 

■ Lower your thermostat gradually, a degree at 
a time, to accustom yourself to a lower tem¬ 
perature. You may actually find that you are 
more comfortable with less heat. 


What the Chimney Does 



An expansive masonry chimney like the one 
above is a cheery anachronism in a modern 
heating system—metal stovepipes would be 
less durable but equally useful. The chimney 
flues dispose of combustion wastes-carbon 
dioxide, nitrogen, sulfur dioxide, water vapor 
and carbon monoxide. By channeling the 
warm, rising gases, the flues create a draft 
that pulls air over the fire. For the powerful 
draft an open fire needs, the fireplace re¬ 
quires a sloped back and a stepped throat 
controlled by a damper. 

Each heat source needs its own flue, but 
one chimney can have several flues. A flue 
liner keeps fumes from seeping through sur¬ 
rounding masonry, which is protected from 
water by a cap. Ashes and soot are removed 
through cleanout doors. 


299 






































































■ THERMOSTATS 

A house thermostat is a sly switch. Once it is set at 
the desired temperature, the thermostat keeps the 
room very close to that temperature by switching 
a heating system on and off—and by cheating The 
cheating is necessary because at least a degree 
and a half separates the on and off temperatures. 
And after the system has been switched off, it con¬ 
tinues to produce some heat, so that room tem¬ 
perature still rises. This inertia effect, when added 
to the temperature difference between on and off, 


can result, at times, in uncomfortably large swings 
in room temperature. 

Cheating limits the swing by reducing both ef¬ 
fects. When the thermostat starts the heating sys¬ 
tem, it also starts an electric heater, called an 
anticipator, near its temperature-sensing element. 
The anticipator heats the thermostat faster than the 
heating system heats the room. Before room tem¬ 
perature rises much, the temperature in the ther¬ 
mostat reaches the heating system’s turnoff point 
—anticipating the room temperature’s rise. The 
heat in the system continues to raise room temper¬ 
ature, but little over the desired level. 


MOUNTING PLATE 



An old-fashioned house thermostat 

This thermostat, no longer manufactured, 
still serves many homes It has two con¬ 
tacts, one of which opens and closes more 
rapidly than the other. 

As room temperature falls, a bimetallic el¬ 
ement [page 236] bends inward, closing 
the first contact But nothing else happens 
until the second contact closes, starting 
both the heating system and the anticipator 
at the setting on the dial Before the system 
can provide enough heat to reverse the 
drop in temperature, the anticipator heats 
the bimetallic element, which bends out¬ 
ward. quickly opening the second contact. 
It does not open the first contact - to turn off 
the system - until the temperature is slight¬ 
ly above the dial setting 
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A modern house thermostat 

Most thermostats currently manufactured 
have bimetallic elements in coil form and 
contacts sealed in glass to protect them 
from dirt. As the room cools, the bimetallic 
element in the thermostat shown above be¬ 
gins to uncoil, until, at the desired temper¬ 
ature, the uncoiling force breaks the hold 
between a stationary steel bar and a mag¬ 


net on the end of the coil. The magnet 
drops near the glass enclosure, where it 
can abruptly pull up the contact arm inside 
the tube and close the contacts sharply. 
The closed contacts complete a circuit to 
the heating system and the anticipator. The 
anticipator heats the bimetallic element 
and it begins to coil. When the element's 
coiling force is strong enough to break the 
magnet’s hold on the contact arm, the arm 


drops to break the circuit and turn off the 
system. Simultaneously, the magnet snaps 
upward onto the stationary bar, which 
holds it in place, and keeps the contacts 
open until the room cools off again. 

The anticipator control adjusts anticipation 
time by regulating the heat produced. It is 
a movable contact that determines how 
much resistance wire is in the circuit. 


NIGHT-TEMPERATURE LEVER 
BIMETALLIC ELEMENT 



DAY-TEMPERATURE LEVER 
MERCURY SWITCH 


TIMER DIAL 


How a clock thermostat works 

A clock-operated thermostat shifts auto¬ 
matically to day or night settings as a clock- 
run timer dial rotates. The bimetallic ele¬ 
ment is a coil, like the one above. At its end 
is a mercury switch—a bulb of electricity¬ 
conducting mercury that tilts to open or 
close the path between two terminals. 

As the room cools, the element uncoils, tip¬ 
ping the mercury-switch bulb until, at the 
desired temperature, it turns on the heat¬ 
ing system. When temperature rises, the el¬ 
ement coils and tips the switch off. A cam 
and spring connected to a clock-timer 
(page 216) automatically rotate the coil 
from day to night temperature and vice ver¬ 
sa, shifting the switch position accordingly, 
at the times set by the HI” and "LO” point¬ 
ers on the timer. Some thermostats have 
a second pair of settings for daytime use. 
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THERMOSTATS continued 


Maintenance 
and Calibration 

In old-fashioned thermostats (page 
300) and some modern ones, the 
contacts are exposed to air and may 
become dirty. Dirt can prevent con¬ 
tacts from closing completely—and 
thus prevent a thermostat from turn¬ 
ing on a heating system If you have 
an exposed-contact thermostat, you 


should clean the contacts periodical- 
I ly. Even if contacts are kept clean, 
they wear after long service and no 
longer close properly; then the ther¬ 
mostat has to be replaced. 

Because this older type of thermo¬ 
stat is no longer made, consult your 
heating-supply dealer about which 
modern model you need; it must be 
of the same voltage rating as the old, 
and adaptable to the burners stack 
control (pages 304-305) or gas con¬ 
trol (pages 308-309). Procedures for 



Cleaning an open-contact thermostat 

The points of an open-contact thermostat 
should be cleaned at the start of each heat 
ing season The first step in the procedure 
is to loosen the body screw at the bottom 
of the thermostat Then pull the thermostat 
cover toward you and lift it upward to re¬ 
move it Now lightly blow through the con¬ 
tact points, standing far enough away so 
that you will not deposit vapor from your 
breath on them Then rub remaining dirt off 
the contact surfaces by sliding paper be¬ 
tween them a crisp dollar bill or an index 
card Do not use sandpaper its abrasive¬ 
ness will wear down the contacts. Replace 
the cover and tighten the body screw 



1 Replacing an old thermostat 

Shut off power to the burner Take off the 
thermostat cover Remove the thermostat 
body by unfastening its mounting screws 
(above) The back plate and wiring to the 
burner will be exposed Commonly, there 
are terminals labeled "R. W‘ and B" for 
red. white and blue wires to the burner 


2 Preparing the wiring 

Detach the wires and tape them temporar¬ 
ily to the wall Unscrew the back plate 
Cover the red wire's end with electrical 
tape, since you will not need it in wiring the 
new thermostat Modern heating thermo¬ 
stats make use of only two wires 


cleaning and replacing old thermo¬ 
stats are described below. 

The contacts of most thermostats 
now being made are sealed in glass 
enclosures and cannot become dirty. 
But the wall on which a thermostat is 
mounted may be jarred and the ther¬ 
mostat thrown out of calibration. In 
that event, the thermostat's contacts 
will not close when room tempera¬ 
ture drops to the preset point. But 
with care, you can calibrate a modern 
thermostat yourself (opposite). 



3 Mounting the new thermostat 

Mount the new back plate with the upper 
mounting screw Attach the white and blue 
wires. Color coding can be ignored Use a 
level to get the back plate crosslines exact¬ 
ly vertical and horizontal Put in the lower 
mounting screw, mount the body, tighten 
the contact screws and snap on the cover 
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LEVERARM 


CALIBRATION 
SHAFT v 


1 Calibrating a thermostat 

Before calibration, the thermostat's internal 
temperature must be stabilized: the ther¬ 
mostat should be in the off position at least 
10 minutes with no heat source nearby. 
Then set the temperature-selector dial at 
the room temperature. Remove the cover. 


Hold the dial shaft with a wrench to make 
sure the shaft does not rotate. With a screw¬ 
driver, turn the calibration shaft counter¬ 
clockwise until the lever arm touches the 
stop. Continue to turn the shaft counter¬ 
clockwise until the magnet remains away 
from the glass enclosure when the screw¬ 
driver pressure is released. 


2 Setting the snap-action point 

Slowly turn the calibration shaft clockwise 
until the magnet snaps against the glass 
enclosure. The thermostat now is calibrat¬ 
ed and, in operation, the magnet will snap 
against the glass to close the contacts at the 
set temperature. Replace the cover. 


How to Check for a Defectiue Thermostat 


If your room temperature drops 5° or more be¬ 
low the point at which you have set the thermo¬ 
stat and your heating system does not start, the 
first thing you should do is check the heating 
system [see instructions on pages 305, 309, 
313, 315, 319, 323 and 325). If you find noth¬ 
ing wrong there, test the thermostat. 

Remove the thermostat cover and body from 
the wall, leaving in place only the wiring leading 
to the burner, and the back plate. Check the 
thermostat body and the back plate to make 
perfectly sure that there are no broken wires 
and that all of the wires are tightly secured un¬ 
der their terminal screws. If your heating system 


has an open-contact thermostat, clean the con¬ 
tacts at this time. 

If you still have not located the source of your 
trouble, take a five-inch length of insulated wire 
and strip half an inch of insulation from each 
end of it. Holding only the insulated portion of 
the wire, touch the bare ends to the terminals 
on the back plate. If the thermostat has a three- 
wire connection, carefully push the contacts 
closed with a block of wood. If the burner goes 
on, the thermostat is defective and must be re¬ 
placed. But if the burner does not go on, the 
problem is elsewhere. Remount the thermostat 
and call your serviceman. 
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I 

OIL BURNERS 

I Soon after World War I, the oil burner began to 
capture the attention of America with a promise of 
clean, dependable, fully automatic central heating 
— no coal to shovel, no dirty supply bin, no ashes 
to take out. By 1928, half a million homeowners 
had converted their coal furnaces to oil heat by 
adding a burner and rebuilding the combustion 
chamber Many of those old conversion units still 
work faithfully and well-along with some 12 mil¬ 
lion oil burners of more modern design used in 


warm-air [pages 310-315), hot-water [pages 316- 
321) and steam [pages 322-323) systems. 

The high-pressure burner used in most homes 
does not simply burn oil. It prepares a mixture of 
air and oil (usually about 16 parts of air to one part 
of oil), sets this mixture aflame with a powerful 
high-voltage spark, and burns it in an enclosed 
combustion chamber In this chamber, a contin¬ 
uous swirl of yellow flame reaches temperatures 
as high as 3,200°, providing enough heat from a 
single gallon of oil to warm a small house for two 
hours in winter, or to make available a two-day 
supply of hot water in the summer. 



An oil-fired heating plant 

The oil burner mixes oil and air. ignites the 
mixture within an air tube (opposite] and 
burns it in the combustion chamber To 
make the fuel mixture, the motor drives a 
fan that draws air through the air shutter, 
and a pump draws oil through a filtered fuel 
line To ignite it. the normal 120-volt current 
is stepped up to 10,000 volts by a trans¬ 
former A master switch turns the burner 
on and off manually, but if ignition fails, a 
heat-sensitive device in the stack control or 
a light-detecting cell in the burner shuts off 
the motor An automatic draft regulator 
monitors the flow of exhaust gases through 
the stack and up the chimney 


RESTART BUTTON 
ELECTRIC MOTOR- 


BURNER BLOWER 


OIL PUMP 


TRANSFORMER 
AIR SHUTTER 


'OIL FILTER 
OIL SUPPLY LINE AIRTUBE 


COMBUSTION CHAMBER 
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DRAFT REGULATOR 

-STAC K 

-STACK CONTROL 

-RESET BUTTON 

MASTER SWITCH 


Starting a Balky Burner 

If your oil burner stops when it should not or 
fails to start when it should, run through this 
checklist before calling in a serviceman. 

■ Check the thermostat setting. As a tempo¬ 
rary measure, try resetting it at least 5° high¬ 
er than the room temperature. 

s Make sure the master switch is on. Impor¬ 
tant: Some burners have two master switch¬ 
es, one at the burner and another at a 
convenient spot like the head of the base¬ 
ment stairs: check both. 

■ Check for either a bumed-out fuse or a 
tripped circuit breaker. 

a Check your tank to be sure you are not out 
of oil; if it has no gauge, open the filler pipe 
and insert a long stick. 

a Press the reset button on the ignition safety 
control on the stack or the burner. 
m Press the restart button on the motor, 
a Refer to the appropriate troubleshooting 
chart for your type of heating system—warm- 
air [pages 313. 315], hot-water [page 319] 
or steam [page 323 ]—for malfunctions that 
may affect your oil burner. 


BURNER BLOWER 



NOZZLE 
DEFLECTOR VANES 
AIR TUBE 


How the burner works 

Outside air [curved arrow], forced into the 
air tube by the burner blower, passes 
through deflector vanes that form the air 
stream into a rapidly swirling spiral At the 
same time, the pump pulls oil from the tank 
through the oil line to the nozzle, from 
which it emerges in a cone-shaped spray. 
At the nozzle, the oil and air combine into a 
highly flammable mixture that is ignited 
when the burner first goes on by a high- 
voltage spark that flashes between two 
electrodes. The spark is required only for 
starting; thereafter the flame [colored ar- I 
rows] continues on its own. 
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OIL BURNERS continued 


Burner Maintenance 

An oil burner runs for about 1,500 
hours during an average heating sea¬ 
son, year in and year out. Break¬ 
downs are rare. But steady operation 
may hide waste and inefficiency. Un¬ 
less the burner and the related com¬ 
ponents of the heating system are 
properly adjusted, unnecessary fuel 


is consumed, soot is created, heat 
output is diminished—and even the 
electric bills are inflated. 

An annual inspection and routine 
maintenance by a professional are 
almost essential before the start of 
each heating season, and this care 
is generally included in the service 
contracts most homeowners sign up 
for. The checklist opposite lists the 
chores that a serviceman can be ex¬ 


pected to perform in the course of his 
annual inspection. 

The checklist also includes some 
simple procedures the homeowner 
can perform between inspections to 
keep his oil burner running smoothly 
and to remedy such heat-wasting de¬ 
fects as an improperly adjusted draft 
regulator (opposite), a leaky mount¬ 
ing plate (below, left) or a sooty stack 
control (below, right). 




Cleaning the stack-control sensor 

Turn off the burner master switch and re¬ 
move the burner fuse or switch off its cir¬ 
cuit breaker Remove the mounting screws 
of the stack control and pull the housing 
away from the stack until the cylindrical 
heat sensor is fully exposed The sensor will 
normally be covered by a thin coating of 
soot, which you can remove with an old 
toothbrush dipped in soapy water If the 
soot coating is heavy, a sign of incomplete 
combustion, call your serviceman. Impor¬ 
tant: Do not attempt to replace the sensor 
or to clean the interior of the housing. 
These jobs can alter the delicate setting and 
should be left to professionals. 


Checking the mounting plate 

With the burner running, pass a lighted 
candle slowly around the rim of the mount¬ 
ing plate The candle flame should rise 
straight up. If it is deflected toward the plate, 
as shown below air is leaking into the com¬ 
bustion chamber and wasting heat up the 
chimney Tighten the plate bolts: if the leak 
persists, remove the plate and either re¬ 
place the gasket beneath it or, if there is no 
gasket, apply a thin layer of refractory ce¬ 
ment around the opening 


HEAT SENSOR 
STACK 
STACK CONTROL 


MOUNTING PLATE 
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Adjusting the draft regulator 

The draft regulator, normally closed when 
the burner is off, should automatically open 
an inch or two to admit air to the chimney 
when the burner is running The service¬ 
man will adjust the regulator as part of his 
yearly routine. But expansion-contraction 
movements and vibration during the heat¬ 
ing season may throw it off 

Rattling or soot accumulations are signs of 
maladjustment—on this system, screw a 
counterweight inward to increase draft, 
outward to cut draft. 


Oil-Burner Maintenance Checklist 


You should have a serviceman inspect and ad¬ 
just your oil burner once a year. Between his vis¬ 
its you can make certain routine checks and 
adjustments yourself, if necessary. The service¬ 
man will generally do the following: 

■ Clean or replace the burner nozzle and its at¬ 
tached oil strainer. 

■ Clean or replace the oil-supply-line filter and 
its gasket seal. 

■ Clean or replace the electrodes; adjust the 
electrode spark gap. 

a Clean the air tube and adjust the air shutter. 

■ Clean the blower and its housing. 

■ Clean the transformer terminals. 

■ Lubricate the motor, if necessary. 

■ Check and clean the oil pump. 

■ Clean and test the stack control. 

m Check and adjust the draft regulator. 

□ Check and adjust thermostats, and all boiler 
and furnace controls. 

These are some additional maintenance steps 
that you can perform routinely between inspec¬ 
tions or whenever you suspect a problem: 

■ If the motor has oil cups, lubricate it between 


inspections at the intervals—usually twice yearly 
—called for by the owners manual. Use a few 
drops of electric-motor oil—not all-purpose oil. 
@ Clean the fan blower at least once between in¬ 
spections. Turn off the master switch and re¬ 
move dust from the blades by inserting a thin 
percolator brush through the air-intake open¬ 
ings. [NOTE: On some burners, the housing 
swings up to expose the blower for cleaning.} 

■ Check for air leaks around the mounting plate 
[opposite, left] and seal if necessary. 

h Remove the stack control at least once be¬ 
tween inspections and clean soot from the heat 
sensor [opposite, right]. 

e With the stack control removed, disassemble 
the stack and remove the soot and rust by rap¬ 
ping each section sharply against a floor cov¬ 
ered with newspapers. 

h After you have replaced the stack and the 
stack control, reseal the chimney connection 
with refractory cement. 

■ Step outside occasionally when the burner is 
running and look at your chimney. Black smoke 
is a sign of incomplete combustion. If you spot 
it, call your serviceman. 
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I GAS BURNERS 

It was not until after World War II that transconti¬ 
nental pipelines brought natural gas to nearly all 
parts of the United States, but since then upward 
of 35 million gas burners have been installed for 
home heating systems—twice the number that 
have oil burners. As a fuel, gas is more expensive 
than oil in many areas. But a gas burner is less 


costly to install than an oil burner; gas heat pollutes 
less than oil heat; and gas delivery does not de¬ 
pend on a truck’s ability to brave a blizzard. 

Most gas burners consume natural gas mixed 
with air in the ratio of about 1 cubic foot of gas to 
16 cubic feet of air. The efficiency of the burner de¬ 
pends on the mixture, which a serviceman should 
adjust. Most other problems involve the pilot and 
its thermocouple safety device; they can generally 
be corrected by the homeowner. 




THERMOCOUPLE 

PILOT 


COMBINATION 

CONTROL 



How a gas burner works 

When the contacts of a house thermostat 
close [page 300), current runs to a sole¬ 
noid [pages 178-179), opening up a dia¬ 
phragm valve in a combination control. 
Gas flows (smallarrows) from a supply line 
past a manual shutoff, through a manifold, 
then to tubes that mix it with air [broad ar¬ 
rows) The mixture goes to burners where, 
ignited by a pilot, it makes heat that a heat 
exchanger (not shown) turns to steam, hot 
water or warm air; wastes go up a flue The 
thermocouple and another solenoid stop 
gas flow if the pilot goes out. 


Adjusting the pilot flame 

A thermocouple [left and opposite, top left) 
shuts off gas if the pilot light goes out But 
the pilot will not stay lighted if it is too low to 
heat the thermocouple. In the model be¬ 
low, the pilot flame may be raised or low¬ 
ered by taking off the screw cap and 
carefully turning the adjustment screw on 
the combination control to regulate flow 
[arrow) in the pilot supply line Models 
vary: follow the manufacturer's manual. Pi¬ 
lot reignition procedures also vary; they are 
on a metal tag attached to, or near, a^gas 
cock on the combination control [below). 
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THERMOCOUPLE LEAD 


Replacing a thermocouple 

If a pilot does not stay lighted after adjust¬ 
ment of the flame, the thermocouple may 
be at fault. A thermocouple [page 259] is a 
small electric generator contained in a steel 
tubethatsits inthe pilot flame [above]. Over 
several years, the end of the thermocouple 
in the steel tube may deteriorate from heat. 


And the copper lead, which runs out of the 
pilot assembly into the combination con¬ 
trol [above, right], may become brittle and 
break when even siig htly jarred. 

To replace a faulty thermocouple, take 
off the lead to the thermocouple. Unscrew 
the connection nut inside the threaded 
connection to the lead at the combination 


control. Unscrewthe bracket nut under the 
pilot bracket. Next, insert the steel tube of 
a new thermocouple In the bracket, then 
slide the bracket nut up the new lead and 
screw it tight. Clean and dry the combina¬ 
tion control’s threaded connection. Slide 
theconnection nuttothe end of the copper 
lead; screw it into the threaded connection. 
Tighten it a quarter turn past finger-tight. 


Troubleshooting Gas Burners 


Problem Possible Causes Solution 


No heat 

Power not reaching burner 

Check for blown fuse or tripped 
circuit breaker 


Pilot out 

Relight pilot following instructions on 
burner 

Pilot does not light 

Pilot opening dirty 

Pull off pilot shield, and clean 
opening with thin copper wire 


Loose or defective thermocouple 

Tighten connection nut—but not 
more than a quarter turn past finger- 
tight; if pilot does not stay lighted, 
replace thermocouple 

Pilot does not stay lighted 

Pilot flame too large or too small, and 
not heating thermocouple 

Adjust pilot flame so that it extends 
outward and upward about one and 
a half inches [left] 
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I FORCED-WARM-AIR SYSTEMS 

Over half the central heating systems in American 
houses are the forced-warm-air type-29 million 
units. Unlike hot-water and steam systems, a 
forced-air system uses no water, so there is no 
danger of burst pipes, no need for filling or drain¬ 
ing. It warms and recirculates air with a burner, a 
motor-driven fan—or blower—and a duct network 
Because it distributes warm air under draft, a 
forced-air system is more efficient than one that 
depends on the principle that warm air rises: it can 
send heat where needed and keep temperatures 


steady. So it provides comfort at lower furnace tem¬ 
peratures than its predecessor and burns less fuel. 
The furnace may use oil or gas (pages 304-309), a 
heat pump (page 329) or an electric resistance coil. 

Most forced-warm-air systems humidify, or can 
be modified to do so, and generally can be adapt¬ 
ed to cool the house in summer. Cooling may be 
achieved simply by opening a panel to circulate 
basement air throughout the house or, more elab¬ 
orately, by utilizing the ducts and blower in con¬ 
junction with a central air conditioner Despite its 
versatility, the forced-warm-air system is so simple 
in construction and operation that the owner can 
deal with most of the problems that may occur. 


RETURN GRILLES 




How warm air circulates 

In this diagram of ducts [above] for a two- 
story house, arrows show the paths that 
warm air takes as it travels away from the 
furnace, and back to it, pushed by the blow¬ 
er The furnace, containing both the burn¬ 
er and the blower, is topped by a chamber 
called the warm-air plenum. The plenum 


leads to a long main supply duct that feeds 
into branch ducts, which in turn supply 
openings called warm-air registers that re¬ 
lease heated air into each room 

Dampers inside the main and branch ducts 
can be adjusted by lever handles to bal¬ 
ance the flow, so that each register receives 
the desired quantity of warm air [page 


312] Each register also has a damper to 
regulate air flow. Warm air flows upward 
from these registers [wavy arrows]. Cool¬ 
er, heavier air drops to the floor and flows 
through return air grilles to a return air duct 
leading back to the furnace. A small two- 
story house usually has one return grille 
per story Larger homes may have return 
grilles in each room 
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FAN-AND-LI MIT CONTROL 
HEAT EXCHANGER 


How a forced-air furnace works 

In this furnace, designed for a gas or an 
oil burner (not shown), circulating air enters 
at the bottom, where a filter traps dirt. The 
blower forces the air up (arrows) into a com¬ 
partment called a heat exchanger, which 
contains metal passageways heated to tem¬ 
peratures of several hundred degrees by 
combustion gases rising inside. 

The passageway exteriors heat the circulat¬ 
ing air as the blower forces it past and on 
into the warm-air plenum of the network of 
ducts. A fan-and-limit control switches the 
blower off and on, and turns off the burner if 
circulating-air temperature rises too high. 
The combustion gases, which do not mix 
with circulating air, escape through a stack 
to the chimney. A forced-air system that in¬ 
cluded a heat pump would contain a second 
heat exchanger in the return air duct. 

The humidifier, which moisturizes dry winter 
air, also enhances the heating system's effi¬ 
ciency because people feel more comfort¬ 
able at lower temperatures in moist air than in 
dry air. It operates on the same principle as 
those on pages 214-215. 











































FORCED-WARM AIR SYSTEMS continued 


Tuning a System 

Two independent switches control a 
furnace in a forced-warm-air system. 
One is, as usual, the house thermo¬ 
stat, mounted on a wall in living quar¬ 
ters. The other is also a thermostatic 
type of switch; called a fan-and-limit 
control, it is on the furnace itself. 

When temperature on the house 
thermostat falls to where you have 
set it (page 300), the furnace burner 
goes on. But no air comes through 
the ducts and registers until the fur¬ 
nace temperature reaches a point 
preset on the fan-and-limit control 


(bottom); then the blower starts. This 
time lag prevents the blower from 
sending cold air to the rooms. 

The burner stays on until the house 
thermostat shuts it off. But the fur¬ 
nace still has usable heat, and to uti¬ 
lize it, the blower will run until the 
furnace cools to a second point that 
has been set on the fan control. 

The ducts of many warm-air sys¬ 
tems have dampers (below) that will 
permit temperature regulation in dif¬ 
ferent parts of the house. Without 
dampers, all the regulating must be 
done at room registers or by the 
house thermostat, which only senses 
temperatures near it. 



Controlling room temperatures 

Dampers-metal plates in branch ducts 
near the points where they leave the main 
supply duct have handles that may be 
turned and nuts to hold them in position af¬ 
ter turning. A handle set parallel to the duct 
permitsfull air flow; a handle perpendicular 
to the duct blocks air flow 

To regulate room temperatures, open all 
dampers and registers wide with the heat 
on Position the damper in the duct that 
leads to the room nearest the furnace so 
the temperature in the center of that room 
reaches the desired point in 10 minutes. 
Work from warmer to cooler rooms. 



LIMIT POINTER 
DIAL 


How the fan-and-limit control works 

The fan-and-limit control includes a dial 
and a bimetallic element (page 236) that 
responds to the air temperature at the fur¬ 
nace outlet The limit control, activated by 
the bimetallic element, shuts off the burner 
if the circulating air rises above the temper¬ 
ature set by the pointer on the left side of 
the dial-usually 150° to 200° The fan 
control turns the blower on and off, also in 
response to the bimetallic element 


For fan control, the dial has two pointers on 
its right side. The fan goes on at the upper 
pointer's setting and off at the lower one, 
when the fan switch is on "AUTO ' Set the 
pointers 25° apart A high setting of 110° 
and a low one of 85® will save fuel 


FAN SWITCH 


"OFF POINTER 

' ON” POINTER 


COVER 
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Troubleshooting Warm-Air Systems 


Problem Possible Causes Solution 


No heat 

Power not reaching furnace 

Burner not functioning 

House thermostat not functioning 

Check for blown fuse or tripped 
circuit breaker 

See troubleshooting chart for gas 
burners (page 309), or checklist for 
oil burners (page 305) 

Check thermostat (box, page 303): 
replace if necessary [page 302) 

Insufficient warm-air flow 

Air filter dirty 

Heat-exchanger surfaces dirty 

Air leaks in main or branch ducts 

Warm-air registers dirty 

Damper on warm-air register closed 
Return-air grilles blocked by furniture 
or draperies 

Blower notoperating or running too 
slow 

Clean or replace filter 

Shut off entire system at house 
service panel; clean exchanger 
surfaces with stiff brush 

Check for leaks [page 306): stop 
leaks with duct tape 

Clean register with brush or vacuum- 
cleaner suction tool 

Open damper 

Remove blockage 

See troubleshooting chart for 
blowers [page 315) for additional 
causes 

Large temperature 
differences between 

rooms 

Branch-duct dampers improperly set 
Damper in branch duct or warm-air 
register closed 

Reset dampers [opposite) 

Open both damper and register; 
reset dampers in all branch ducts in 
order to eliminate any room-to-room 
temperature differences [opposite) 

Dirt on walls or ceilings 
near registers 

Blower filter dirty 

Registers and grilles dirty 

Duct interiors have accumulation of 
dirt 

Clean or replace filter 

Clean with vacuum-cleaner suction 
tool 

Open ductwork in basement by 
pulling apart sections of the duct; 
vacuum dirt off with vacuum-cleaner 
suction tool 


Bargain-Basement Air Cooling 


A forced-air heating system may be used for 
summer cooling if the furnace is in the base¬ 
ment, as it almost always is. The idea is to em¬ 
ploy the furnace blower to circulate the cool air 
of the basement through the house. 

Open the furnace panel that permits access 
to the blower. Move the lever on the fan switch, 
which is usually mounted on the fan-and-limit 


control, from "AUTO'’ to "ON.” With the lever at 
"ON,” the blower runs continuously, picking up 
cool-but damp-basement air and sending it 
into the rooms above. If the fan-and-limit con¬ 
trol has no separate fan switch, move the point¬ 
ers on the fan control to their lowest settings: 
that will keep the blower going until you return 
the pointers to their normal positions. 
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FDRCED-WARM AIR SYSTEMS continued 


Adjusting the Blower 

A blower consists of a squirrel-cage 
fan (page 333) driven by a motor that 
may be mounted directly on the fan 
shaft but more often is connected 
through a V-belt and pulleys. The 
blower itself is usually trouble-free, 
but the belt and motor pulley need 
periodic checking and adjustment. 


Excessive belt tension occurs if 
shafts are too far apart or pulleys are 
not aligned: wear and power loss re¬ 
sult. Belt slippage develops if shafts 
are too close: a belt squeal or poor air 
flow—or both—results. 

Blower speed, set by the belt po¬ 
sition on the motor pulley, is critical. 
A blower running too fast is noisy and 
wastes power, a slow blower does 
not deliver sufficient air flow. 



1 Adjusting belt tension 


2 Checking pulley alignment 


Press the belt midway between the pulleys; 
it should give three quarters of an inch to a 
full inch. In order tocorrect the tension, use 
a wrench to turn the motor-adjustment 
bolt, which in turn moves the motor toward 
or away from the blower 


With a carpenter's square check alignment 
of the pulleys. If they are not parallel in a line 
at right angles to the motor housing, loos¬ 
en the inner setscrew on the motor pulley 
and shift the pulley Retighten the screw, 
then recheck the belt tension. 



Changing blower speed 

The motor pulley has two faces, discs that 
can be moved closer together or farther 
apart The closer they are. the higher the 
drive belt rides on the pulley-in effect, in¬ 
creasing the diameter of the pulley and 
thus the speed of the blower. Widening the 
space between the faces lowers the belt’s 
position to decrease the effective pulley di¬ 
ameter and slow down the blower. 

To adjust blower speed, loosen the set¬ 
screw that locks the outer face of the pulley 
to the pulley shaft, and turn the pulley face 
counterclockwise to decrease the speed, 
clockwise to increase it Tighten the set¬ 
screw, and if necessary, readjust the belt 
tension and the pulley alignment 
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Troubleshooting Warm-Air Blowers 


Problem 

Possible Causes 

Solution 

Noisy blower 

Moving parts need oil 

Put light machine oil in oil cups 


Belt worn 

Replace belt (but first locale cause of 
wear, and correct—belt too loose or 
too tight pulleys not aligned, dirt or 
grease on belt or pulleys); to install a 
new belt, move the motor toward the 
blower [opposite] until the belt can 
be stretched over the motor and 
blower pulleys. Do not snap it into 
place 


Belt too tight or too loose 

Using motor-adjustment bolt, 
readjust tension [opposite] 


Pulleys loose on shafts 

Position setscrews over flat areas 
of shafts, and tighten 


Pulleys warped or bent 

Replace pulleys, first wiping with a 
clean rag to remove oil and dirt; after 
replacing, check tension and pulley 
alignment 


Blower running too fast 

Reduce blower speed [opposite] 


Blower loose on shaft 

Position blower setscrews over flat 
area on shaft and tighten 


Cable to motor rubbing against metal 

Move cable away from rubbed 


surfaces 

surface and anchor with tape 

1 nsufficient air flow at 

Blower not running 

Check fuse or circuit breaker; if it fails 

warm-air registers 


repeatedly, call serviceman 

Belt too loose 

1 ncrease belt tension [opposite] 


Blower loose on shaft 

Position blower setscrews over flat 
area on shaft and tighten 


Blower running too slow 

1 ncrease blower speed [opposite] 

Rushing noise or vibration 
inducts 

Air velocity too high 

Reduce blower speed [opposite] 

Dust on wall or ceiling 

Access panel to blower 

Keep door on panel closed unless 

near registers 

compartment loose or open 

working on blower 

Blower compartment is dirty 

Vacuum blower and housing with 
vacuum-cleaner suction tool at start 
of heating season 
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HOT-WATER SYSTEMS 

Hot-water heating systems circulate and recircu¬ 
late hot water at temperatures that are between 
180° and 240°. The water stays warm for a con¬ 
siderable period after the thermostat has shut 
down the boiler, making for economic fuel con¬ 
sumption and the maintenance of even tempera¬ 
tures without drafts. The water, rising from a boiler, 
releases its heat in one of three devices: a convec¬ 
tor, a radiator or a baseboard unit. 

A convector is simply a housing containing a 
pipe with fins to help transfer heat to the air. Cool 


air enters at floor level; it is warmed as it rises 
through the fins, and is released through a grille at 
the top. Convectors are less expensive and better 
looking than radiators, which transfer heat to the 
air by passing the hot water through a series of 
looped pipes. Baseboard units are small but long 
convectors set at floor level. The system described 
on these and the following pages uses convectors. 

Repairs on the piping require a plumber. But the 
homeowner can easily deal with the most frequent 
problem, caused by air in the system. And some 
repairs on the circulator (pages 320-321], which 
is another cause of difficulties, may be made by the 
homeowner without professional help. 



How hot water circulates 

In this forced-hot-water system, a motor- 
operated pump called a circulator drives 
hot water through the piping as indicated 
by the arrows From a boiler, the water 
goes to a pipe, one and a quarter inches in 
diameter, called a supply main This pipe 
divides into two zone-supply pipes of three- 
quarter-inch size, which travel in different 


paths around the perimeter of the house 
just below the floor level of the first story 
The two zone pipes recombine at a return 
mam, which carries water back to the boil¬ 
er. Motor-operated zone valves are con¬ 
trolled by separate thermostats, so that 
each zone can be kept at a different tem¬ 
perature or, if desired, closed off. Room 
convectors for both the first and second 
stories are, in effect, bypasses connected 


to the zone supply by a smaller pipe-usu¬ 
ally one half inch in diameter-called a sup¬ 
ply branch, a return branch leads from the 
convector outlet back to the zone-supply 
pipes In most houses, each convector has 
an inlet valve that can be turned on and off 
without much effect on any other convec¬ 
tor But in houses where convectors are 
part of the supply pipes, no convector can 
be shut off without stopping the system. 
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How a hot-water boiler works 


SUPPLY MAIN RETURN MAIN 


EXPANSION TANK 


STACK 



The boiler at left provides hot water for heat- 
ing and other domestic needs. A pressure- 
reducing valve allows water into the boiler 
from a supply line and keeps it from flow¬ 
ing back if pressure in the line drops A 
burner (not shown) produces hot combus¬ 
tion gases [wavy arrows] that flow past 
water-filled boiler sections, heat them, and 
escape via a stack. A house thermostat in 
each zone controls the zone valves and 
also the starting and stopping of the circu¬ 
lator ("page 320]. 

Unless the circulator is on, a flow-control 
valve in the supply main stays shut, pre¬ 
venting hot water from rising by free circu¬ 
lation and carrying heat to rooms already 
warm. The valve also lets the boiler heat wa¬ 
ter in separate coils for domestic uses, 
without heating the house in summer. 

For efficiency, water is heated well above 
boiling, but does not become steam be¬ 
cause the pressure-reducing valve and the 
expansion tank keep it under pressure A 
safety relief valve opens if pressure be¬ 
comes too high, and a limit thermostat 
turns off the burner if the water exceeds 
safe temperature A combination gauge in¬ 
dicates temperature, pressure and water 
level in the system. 


DOMESTIC HOT-WATER COILS 


WATER SUPPLY 
LINE 


-MANUAL SHUTOFF VALVE 

PRESSURE-REDUCING VALVE 


DRAIN COCK 


BURNER 
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HOT-WATER SYSTEMS continued 


System Maintenance 

Most problems in hot-water heating 
systems involve air and its interac¬ 
tion with water. Because water ex¬ 
pands when heated and contracts 
when cooled, the water in a heating 
system rises into the expansion tank 
(below), where the volume of air in 
the tank presses like a soft cushion 


against the changing volume of wa¬ 
ter. The air cushion permits the water 
pressure, which is 12 pounds per 
square inch when the water is cold, 
to rise to almost 30 pounds when the 
water is heated. If the pressure rises 
higher, water is released through the 
safety relief valve. The pressure ex¬ 
erted by the expansion tank allows 
water temperature rise to 240° with¬ 
out turning the water to steam. 


When water cools it absorbs air. If 
water absorbs too much of the air in 
the expansion tank, the pressure be¬ 
comes too high when the water is 
heated again. Any fresh water added 
to the system will also contain air 
—when this fresh water is heated it 
sends air into the system. The air ac¬ 
cumulates in a convector, blocking 
hot-water flow; unless the air is re¬ 
moved, the convector remains cold. 


The combination gauge 

Mounted on the side of the boiler, the com¬ 
bination gauge (right) has scales for water 
temperature, pressure and altitude The 
altitude actually refers to a pressure setting 
that is made when a hot-water heating sys¬ 
tem is first installed With a closed expan¬ 
sion tank like the one shown below, this 
system is filled with cold water until the 
movable pointer stands at 12 pounds of 
pressure per square inch Then the gauge 
rim and its glass are removed and the sta¬ 


tionary pointer is set to match the position 
of the movable pointer Thereafter, the sta¬ 
tionary pointer serves as a reference point 
for the movable pointer, the latter registers 
any changes in pressure 

The movable pointer registers the pressure 
when thesystem is operating A drop of the 
movable pointer below the stationary point¬ 
er indicates the system needs water If your 
system does not refill automatically, check 
the gauge each month and refill as neces¬ 
sary (box. opposite) 


TEMPERATURE 




Draining the expansion tank 

Without enough air in the expansion tank, 
high pressure forces hot water out the safe¬ 
ty relief valve The tank, full of water, feels 
hot all over It needs draining Shut off pow¬ 
er to the boiler circuit at the service panel 
close the water-supply shutoff valve, let 
the tank cool A tank on newer systems 
(above) often has a com bination valve to let 
water out and air in when it is open With¬ 


out this fitting, air will not enter unless the 
tank is fully drained. On older systems, 
close the valve between tank and boiler be 
fore draining the tank. Some systems have 
a tank (right) in which a rubber diaphragm 
separates air and water An air separator 
and vent carry off excess air If the pressure 
should fall below 12 pounds per square 
inch, the relief valve will spout and the tank 
will feel hot all over Attach a bicycle pump 
to the air-recharge valye to add air 


MOVABLE STATIONARY 

POINTER POINTER 
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Troubleshooting Hot-Water Heating Systems 


Problem 

Cause 

Solution 

No heat 

Electric power not reaching boiler 

Check for blown fuse or tripped 
circuit breaker 

Convectors are cold 

Air in convectors 

Purge air from convectors [below, 
right] 

Water spilling from 
pressure-relief valve 

Not enough air in expansion tank 

Recharge expansion tank with air 
[opposite] 

Loud clanking in 
circulator; motor runs, but 
water not circulating 

Broken coupler 

Replace coupler [page 320] 

Circulator leaks 

Damaged seal or worn impeller 

Replace seal, impeller, or both [page 
321] 

Convector-valve stem 
leaks 

Packing material worn 

Drain system to level of the 
convector; repack the valve [see 
instructions for repacking faucets on 
page 75), then refill the system 


Draining and Refilling the System 

To drain a hot-water heating system-for re¬ 
pairs or to keep pipes from freezing in a win¬ 
ter power failure—shut off power to the boiler 
cjrcuit at the service panel. Let the water cool 
to lukewarm. Close the water-supply shutoff 
valve [page 317]. Attach a hose to the boiler 
drain cock-with the other end of the hose in 
a drain below boiler level. Open the drain 
cock and air vents on the top convectors. 

To refill the system, close the boiler drain 
and the air vents. Open up the water-supply 
shutoff valve. If there is a pressure-reducing 
valve, water will stop flowing automatically 
when the boiler is entirely filled. Otherwise, fill 
until the combination-valve gauge [opposite] 
shows 20 pounds per square inch. In either 
case, when water stops running into the boil¬ 
er, vent air from each convector [right]. If 
pressure then drops below 12 pounds per 
square inch, add water; if pressure remains 
above 12, drain water. 

1 ■ . ■ 



Purging air from conuectors 

A vent for purging air is situated at the top 
of every convector. Some vents work au¬ 
tomatically. Others are opened and closed 
with a screwdriver [above] or special vent 
key. When the vent is opened, a hissing in¬ 
dicates escaping air. After all the air has 
been discharged, waterspurts out, so have 
a cup or a pan ready to catch it. Close the 
vent as soon as the spurting starts. 
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HOT-WATER SYSTEMS continued 


Circulator Problems 

A hot-water heating system depends 
upon the circulator, which is primar¬ 
ily a motor-driven centrifugal pump. 
The motor shaft and the pump shaft 
have a flexible connection, called 
a coupler, which incorporates one 
or more springs. 

The coupler has several functions. 
It keeps noise from the motor from 
traveling through the heating pipes 
into the house, it absorbs the shocks 
of starting and stopping, and it pre¬ 
vents excessive wear. Most impor¬ 


tant of all, the coupler is designed to 
serve as a safety device: if the pump 
jams, the coupler springs break and 
sever the connection between the 
shafts, thereby protecting the motor 
from overheating. The coupler may 
also break if the motor mountings 
sag as a result of over-oiling (the mo¬ 
tor needs lubricating at the begin¬ 
ning of each heating season with 
SAE 20 oil dripped into its oil cups). 

Another trouble spot in the circu¬ 
lator is the pump seal. Water running 
out of the weep hole (exploded view ; 
opposite) is a signal that the seal 
needs replacing. 



1 



1 Servicing the circulator 


Before removing the motor and coupler 
cut off electricity to the boiler circuit at 
the service panel. Unless there are valves 
above and below the pump, close the valve 
on the water supply line and dram the sys¬ 
tem (page 319) Remove the conduit-box 
cover on the motor and disconnect the 
wires Turn the motor until the setscrew on 
the pump shaft is visible. With an Allen 
wrench, loosen that screw With an adjust¬ 
able wrench, loosen the cap screws hold¬ 
ing the motor to the bearing assembly 
Slide the coupler off the pump shaft 



2 Replacing the coupler 


With the motor separated from the bearing 
assembly, remove the damaged coupler 
from the motor shaft 

Turn the setscrews in the coupler at least 
three full turns. If the coupler sticks to the 
motor shaft, use a pry bar to get it off. 

If any of the coupler arms or springs are 
worn or broken, you must remove and re¬ 
place the whole coupler Replacement of 
just one or two springs can unbalance the 
coupler and may even cause it to break 
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How the circulator is disassembled 


CAP SCREWS 




A typical circulator, shown at left in an ex¬ 
ploded view, can be disassembled rather 
easily by removing eight cap screws hold¬ 
ing together its three main sections—the 
motor, the bearing assembly and the pump 
body. The bearing assembly holds the 
pump shaft and impeller, and is mounted 
to the pump body by four cap screws. The 
motor, in turn, is mounted to the bearing 
assembly by four more cap screws. The 
coupler is fixed to the motor and pump 
shafts by setscrews, which fit into recess¬ 
es on the shafts. 



3 Remounting the coupler and motor 

Slide the new coupler over the motor shaft 
and tighten the setscrews. Holding the mo¬ 
tor in your left hand, use the thumb of your 
right hand to push the free half of the cou¬ 
pler onto the pump shaft, lining up the set¬ 
screws with the recess on the shaft. Then 
screw the motor to the bearing assembly. 
Tighten the setscrew, locking the coupler 
to the pump shaft. 

Make sure that the oil caps on the motor 
face upward. Then reconnect the wiring 
and replace the cover on the conduit box. 


Replacing the pump seal 

With this type of circulator disassembled 
Cleft and above), remove the impeller nut 
and lock washer, and slide the impeller off 
the pump shaft, rapping the shaft with a 
screwdriver. Remove the spring. Pry off the 
brass ring. If the seal face is pitted or 
scored, replace the bearing assembly In 
reassembling, place the pump shaft on a 
block of wood. P ress firm ly on the new seal 
with a screwdriver and reassemble the cir¬ 
culator. To replace some seals, impeller 
and shaft must be withdrawn from the rear 
of the bearing assembly. 
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STEAM SYSTEMS 

Although steam heat has its charms-hisses and 
bangs that can be warm and reassuring sounds 
—the noise and its expensive plumbing have re¬ 
duced its popularity, and today it survives mostly 
in older houses. In a steam heating system, a boil¬ 
er in the basement converts water into steam, 


which rises under its own pressure through pipes 
and inlet valves to room radiators. The steam 
transfers its heat to the relatively cool metal of the 
radiators and condenses back to water, which 
flows under its own weight through the same 
valves it entered, and thence to pipes leading 
downward to the boiler again. There the water is 
reheated into steam that repeats its journey end¬ 
lessly as long as the boiler's burner remains on. 


The plumbing in a steam-heat system 

Steam is generated in a boiler equipped 
with drains, a fill valve, a pressure gauge 
and safety devices, and a low-water cutoff 
switch The steam rises through a large 
supply main to smaller branches and into 
the radiators Air that is pushed ahead as 
steam rises is released through vents on 
the radiators. The return flow of water 
through the branches to the supply main 
runs off into a large vertical pipe called the 
return main, and from there into the boiler 
The cross-connecting Hartford loop ap¬ 
plies steam pressure to the last leg of the re¬ 
turn, preventing boiler water from backing 
up when pressure gets too high 


Pressure measurement and control 

A gauge [below], mounted to tubing atop 
the boiler, indicates steam pressure by 
measuring air pressure Steam from the 
boiler forces condensate upward through 
a pigtail of curled pipe, and the condensate 
in turn compresses the air above it. The air 
operates the gauge and a pressure safety 
control, which shuts off the boiler when 
pressure exceeds a safe level A safety 
valve releases dangerous pressures 




PRESSURE SAFETY CONTROL 


How to check and adjust water level 

A gauge glass [right] indicates the water 
level in the boiler when the water in the 
glass stands midway between the cocks, 
boiler water is at the proper operating level 
A low-water cutoff actuated by a float shuts 
down the boiler when its water level falls 
dangerously low Unless your system fills 
automatically, check the gauge glass at 
least weekly, and when necessary, fill the 
boiler to the midpoint on the glass by open¬ 
ing the fill valve [above]. To keep the low- 
water cutoff clean of sediment, once a 
month open the blowoff valve and flush wa¬ 
ter through the discharge pipe until it runs 
clear; then refill the boiler 


GAUGE GLASS 





GAUGE 

COCKS 


WATER 

LEVEL 


FLOAT 


BLOWOFF 

VALVE 


DISCHARGE 

PIPE 
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Troubleshooting Steam Heating Systems 


Problem 

Possible Causes 

Solution 

No heat 

Power not reaching boiler 

Water level in boiler too low 

Burner not functioning 

Thermostat defective 

Check for blown fuse or tripped 
circuit breaker 

Open fill valve in the water line, and 
fill boiler to midpoint on the gauge 
glass 

See troubleshooting chart on page 

309 for gas burners, and checklist 
on page 305 for oil burners 

See page 303 

Individual radiator cold 

Inlet valve closed 

Radiator not tilted toward inlet end 

Open valve all the way; all inlet valves 
should be fully open 

Increase the tilt if it is necessary 

Cbelowj 

Rooms unevenly heated 

Air vents improperly adjusted 

Open vents in radiators farthest from 
boiler and partly close vents nearer 
boiler Cbelow) 

Leaky inlet valve 

Packing around valve stem worn 

Sh ut off power to the boiler, let the 
radiator cool and repack the valve 
stem [page 75) 

Hammering in a radiator 

Radiator not tilted toward inlet end 

Increase the tilt if it is necessary 

Cbelow) 

Hammering in pipes 

Water trapped in pipes by settling of 
house so that pipes no longer form 
a downhill path to the return main 

With a level, check slopes of supply 
main and branches, and reposition 
them if necessary so that they slope 
down toward the return main 

Gauge glass cloudy or 
rusty, and cannot be read 

Rust in boiler 

Turn off power to boiler; allow it to 
cool to lukewarm; open the drains 
at the bottom of the boiler and in 
the return main; drain completely, 
refill the boiler and drain it again; 
repeat until water in the glass gauge 
is clear [Note: If rusty water drips 
from radiator air vents, call a 
professional repairman] 



How a radiator air vent works 

An air vent [left] lets air out as steam enters 
a radiator. If a radiator stays cold, open the 
vent wider by using a screwdriver to turn 
the dial to a lower number. 

How a radiator ejects water 

Water flows by gravity out of a radiator via 
the inlet valve. If it does not, the radiator 
may be tilted so that water collects, block¬ 
ing steam. Check the tilt with a carpenter's 
level. If necessary, raise the legs with wood 
blocks at the air-vent end. 


AIR VENT LEVEL INLET VALVE 
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ELECTRIC BASEBOAROS 

Baseboard electric heating is a throwback to a by¬ 
gone era. With it, the house has no central heating 
system; instead, each room has its own heater, 
just as it did when homes were warmed by fireplac¬ 
es or potbellied stoves. Because it needs neither 
air ducts nor plumbing, a baseboard electric sys¬ 
tem is especially easy to install—although more 


house insulation will be needed to retain the heat. 

Baseboard units are mounted at floor level—one 
or more to a room, depending on the space to be 
heated-and wired directly into the house power 
supply. Models are made to use either 120 or 240 
volts (120-volt wiring is shown here}. The heaters 
are costly to operate, and relatively slow to re¬ 
spond to outdoor temperature changes; but they 
are simple to install, adapt to varied requirements, 
and produce clean, even heat. 



LIQUID-FILLED TUBE 



Houu a thermal cutout works 

A thermal cutout (left) prevents overheat¬ 
ing from blocked air flow This one has a 
metal tube, filled with liquid, along the back 
of the heater When heat passes a preset 
level the liquid expands, pushing a brass 
diaphragm at the tube end to open con¬ 
tacts and shutoff power Pushing the reset 
button recloses the contacts 


Checking the thermal cutout 

If a heater is cold when room temperature 
drops 5° below the thermostat setting. first 
press the thermal-cutout reset button If no 
heat comes on, the cutout may be faulty 
Turn off power to the circuit at the service 
panel Using the method described on 
page 262, attach a voltage tester to the 
thermal-cutout terminals (right) 

Set the thermostat 5° above room temper¬ 
ature and turn the power on. being careful 
not to touch connections If the tester fails 
to light, see the troubleshooting chart op¬ 
posite If it does, the cutout is defective With 
power off, remove the tester and replace 
the cutout, following manufacturer's direc¬ 
tions for dismantling the heating element 
and replacing the unit’ 
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HOTWIRE GROUND WIRE 



How a baseboard heater works 

In a typical 120-volt unit [left], power flows 
from the hot [black) wire in a power-supply 
cable through a resistance wire (page 234) 
sheathed in a ceramic-and-metal tube and 
surrounded by heat-spreading fins. After 
passing through the protective thermal cut¬ 
out [similar in function to the one on the 
opposite page), current returns through 
the neutral [white) wire. The unit heats a 
room when cold air that enters through 
a gap in the bottom of a front panel [not 
shown) is warmed by the heating tube and 
fins. The air rises, guided by a deflector, 
and displaces colder air by convection. 


Troubleshooting Baseboard Electric Heaters 


Problem 


Possible Causes 


Solution 


No heat 


Blown fuse or tripped circuit breaker 
Drapery or furniture blocking air flow 
through heater 
Thermal cutout defective 


Resistance wire in heating element 
defective 


Heater wiring defective 

Defective thermostat 
House wiring defective 


Replace fuse or reset circuit breaker 
Move obstruction: if thermal cutout 
has a reset button, push it in 
Check cutout [opposite, bottom 
right); before removing faulty cutout, 
diagram color of wires going to each 
cutout terminal 

Turn off power at service panel; 
check resistance wire with continuity 
tester [page 137); before replacing 
element, check voltage rating; old 
and new element ratings must match 
Power off; check wiring visually and 
with continuity tester [page 137] 
Check thermostat (box, page 303) 
Turn off power at service panel; 
attach and tape voltage tester to 
white and black supply-cable wires; 
set thermostat 5° above room 
temperature; turn power on; if tester 
does not light, call an electrician 
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Air-Conditioning Your Home 
Comfortably and Efficiently 


The summer of 221 A.D. was a scorcher in 
Rome. While most of the populace suffered, the 
Emperor Heliogabalus could command satisfy¬ 
ing relief: he ordered a thousand slaves into the 
mountains to bring back a caravanload of snow 
to cool the imperial gardens. 

Although the Emperor’s way of beating the 
heat is an interesting sidelight in history books, 
he was not by any means the father of air condi¬ 
tioning. Centuries before him, Egyptians 
learned to store water in reservoirs on house 
roofs to wet down the outside walls. The dry 
desert winds evaporated the water, cooling the 
interiors. In India, almost everybody knew that 
a wet mat, hung in the wind across an open 
door, cooled the incoming breeze. 

These rudimentary systems applied princi¬ 
ples still useful today: first, as substances melt 
or evaporate, they absorb heat from whatever is 
nearby; second, comfort demands both tem¬ 
perature control and air circulation. 

But, for most of civilization, a completely 
satisfactory way to make people comfortable in 
hot weather remained elusive. In 1833, a doctor 
named John Gorrie hit on a pleasing but still 
primitive way: he blew air over buckets of ice to 
soothe the fevers of malaria patients in Florida. 
Gorrie, among others, saw a market for a ma¬ 
chine that could make ice. Around 1850, he 
and other inventors were at work on machines 
that put the cooling power of evaporation to 
work under controlled conditions. 

In one typical design, ethyl ether, a refriger¬ 
ant, was pressurized by a compressor and then 
released in coils, where it evaporated, freezing 
the water around the coils. This basic refrigera¬ 
tion cycle laid the foundation for the develop¬ 
ment of modern refrigerators (pages 282-287), 
as well as room and central air conditioners 
like those described on the following pages. 

One major problem remained unsolved. Hu¬ 
midity control, it became apparent, was as cru- 
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cial a factor in regulating interior climate as 
temperature and air circulation. Moisture car- 
ried by hot air condensed on the cold coils of 
early refrigerators, reducing humidity slightly; 
but no one could control it. 

A young engineer, Willis Carrier, set out to 
solve this problem, and in 1902 he succeeded, 
devising a machine for a Brooklyn printer who 
had difficulty because his paper swelled on hu¬ 
mid days. By controlling both the temperature 
of refrigerator coils and the volume of air 
moved by fans. Carrier found he could also 
control the humidity. He chilled the air, thus 
forcing most of its moisture to condense; then 
he mixed this chilly, dry air with uncooled air 
to release a comfortably cool and dry mixture. 
This system is the one universally used today. 

The price of this comfort is measured by the 
electricity bills, which, as anyone who pays 
them knows, rise implacably. One way to con¬ 
serve electricity is to match the capacity of am 
conditioning units to cooling needs. Too small 
a unit cannot remove enough heat to cool a 
room. Yet, too large a unit quickly chills the air, 
but runs so briefly that the slower dehumidify- 
ing process cannot remove enough moisture to 
make the air comfortably dry. 

B.T.U.s of cooling capacity 

Air-conditioning capacity used to be described 
in tons. This method, which goes back to Gor- 
rie’s day, refers not to the weight of the unit, but 
to its cooling capacity compared with the 
amount of cooling provided by melting a ton of 
ice in 24 hours. Today, heat-removing capacity 
is usually measured in B.T.U.s per hour—the 
same units that gauge a heating system’s ability 
to produce heat (page 297). 

If you think your room air conditioner may 
be too small, or large, you can figure what ca¬ 
pacity you need with the Cooling Load Esti¬ 
mate Form, available from the Association of 


Home Appliance Manufacturers, 20 North 
Wacker Drive, Chicago, Illinois 60606. 

Even if you install a unit that matches your 
needs, you can still lighten its load and shrink 
your electric bill. Exhaust fans, installed in 
kitchen, bathroom, laundry and attic, can help 
conserve electricity. They remove heat and hu¬ 
midity at points of highest accumulation. 

You should also: 

■ Clean or replace filters monthly, since dirt 
reduces the efficiency of cooling fins and coils. 

■ Make sure air flow is unobstructed inside 
and outside. Drapes and furniture can deflect 
cold air back into the unit, causing it to shut off 
without cooling the room adequately. 

■ Turn off unneeded lights. Ninety per cent of 
the power that is used by incandescent lamps 
turns into heat. 

■ Leave storm windows on during the cooling 
season. They can cut your cooling load by as 
much as 20 per cent. 

■ Install awnings on the sunny side of the 
house, and draw blinds to block outdoor heat. 

■ Set the thermostat to cool less. Changing the 
setting five degrees can save as much as 15 per 
cent of cooling costs. 

Another way to cut electricity use is to have 
an efficient unit. An air conditioner’s efficien¬ 
cy is judged by its Energy Efficiency Rating, or 
E.E.R. —the number of B.T.U.s produced per 
watt. If a unit’s E.E.R. is not marked on the 
nameplate (usually found behind the front 
panel), divide the B.T.U. rating by the wattage. 
The higher the number, the better the unit's 
E.E.R. A 6,000-B.T.U. unit requiring 600 watts 
has an E.E.R. of 10, a high efficiency level. At 
1,200 watts, its E.E.R. is 5, a poor rating. (It 
makes sense to compare E.E.R.s only for units 
with the same capacity.) More efficient units 
need more efficient compressors and larger 
motors and coils, which cost more initially, but 
save electricity and money in the long run. 
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HEAT PUMPS 

An air conditioner draws heat from warm indoor air 
and transfers it out of doors. A heat pump does 
the same thing, but it also has a special revers¬ 
ing valve so that it can work backward. It thus 
gains the ability to draw heat from outdoor air and 
transfer it indoors [even chilly air contains some heat 
that can be tapped). 

Heat pumps are best suited to areas where win¬ 
ters are mild and where hot and humid summers 
make air conditioning a necessity As long as winter 


temperatures remain moderate, heat pumps are 
much more economical to operate than traditional 
electric baseboard heaters because they merely 
move heat by means of electricity, rather than create 
it. But their efficiency goes down drastically as out¬ 
door temperatures decline and the outer condenser 
coils frost over, thus insulating them from the source 
of their heat. At extremely low temperatures, an aux¬ 
iliary resistance coil-a supplementary heater that 
adds heat when the condenser coils are defrost¬ 
ing [box, below]- must bear much or all of the heat¬ 
ing burden, which it does at as high a cost as an 
electric baseboard. 



How a heat pump works 

In the heating mode, cold refrigerant passes 
through the outdoor coils, drawing heat from 
the air Next it is pulled through the reversing 
valve into the compressor, which makes it 
denser and hotter. The hot fluid is then 
pumped to the indoor coils, giving up its heat 
to the air circulating around the coils, which 
is then distributed through the house ducts. 
The fluid goes from the indoor coils into an 
expansion valve, where it cools, and then en¬ 
ters the outdoor coils to repeat the cycle. In 
the cooling mode, the direction of the flow is 
changed by the reversing valve. The refriger¬ 
ant first flows to the indoor coils to pick up 
heat from the air. Following a route opposite 
that of the heating mode, the fluid then ex¬ 
pels heat outside, aided by an exhaust fan. 

In three-piece systems, as shown here, the 
compressor is located indoors in a separate 
cabinet and is connected by refrigerant 
pipes to the outdoor and the indoor coils. In 
one- and two-piece systems, the compres¬ 
sor is located outdoors. 


Defrosting the Coils 


During protracted stretches of extremely cold 
winter weather, the outdoor coils of a heat pum p 
frost up like an old-fashioned ice-cream freezer. If 
the unit is functioning properly, it will defrost itself 
automatically by switching over to the cooling 
mode. Then heat from the warm air inside the 
house will be transferred to the coils and will melt 
the ice that covers them. 

Occasionally, the defrost mechanism will fail 
to operate properly. The signs of such trouble 


are readily apparent on the outdoor coils of the 
unit: if the coils are sheathed by a heavy coat 
of ice rather than by mere frost, in all likeli¬ 
hood the control valve is not opening and clos¬ 
ing as it should. You may be able to alleviate 
the problem manually by shifting the heat pump 
between the heating and cooling modes at 10- 
minute intervals for one hour. If this fails to re¬ 
store the defrosting system to automatic oper¬ 
ation, call a repair service. 
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ROOM AIR CONDITIONERS 

An air conditioner installed in the window of a 
closed room turns the room into a giant walk-in re¬ 
frigerator. The conditioner works on exactly the 
same principles found in all refrigeration systems 
(pages 282-283], and has the same basic me¬ 


chanical components Both appliances remove 
heat from inside an enclosed space and release it 
outside. But the air conditioner has one feature 
that most refrigerators lack. The conditioner not 
only cools the air, but also removes humidity and 
dumps it outside. The comfort of cool, dry air on hot. 
muggy days has made air conditioners basic appli¬ 
ances in millions of American homes. 


CONDENSER 

COILS 


COMPRESSOR 


CONDENSER EXHAUST CONTROL 


AIR FILTER 


THERMOSTAT 


EVAPORATOR 

COILS 



Inside an air conditioner 

Behind the front panel of a room air con¬ 
ditioner are two compartments separated 
by an airtight barrier. In the compartment 
facing the room, cold evaporator coils cool 
the air. in the compartment facing out¬ 
doors, heat is discharged from hot con¬ 
denser coils. A compressor circulates a 
refrigerant from condenser to evaporator 


coils, absorbing heat inside the room and 
expelling it outside Air usually circulates 
through the two compartments separately, 
moved by a blower and a condenser fan. 

Some units have an exhaust vent to draw 
stale air from the room. Other components 
include a room-air filter, directional louvers 
and. possibly, a thermostat to turn the com¬ 
pressor on and off 
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The flow of air 


Two separate currents of air flow continu¬ 
ously through an air conditioner. Hot and 
humid air, drawn in from the room by the 
blower (far rightJ, passes across the cold 
evaporator coils where it is both cooled and 
dehumidified (belowJ; the cool, dry air is 
blown back into the room through the lou¬ 
vers on the front panel. 

At the same time, in the second circulation 
system, air is drawn into the unit through 
side vents located outside the room. The 
condenser fan then forces this outside air 
across the condenser coils, which contain 
refrigerant heated by the air inside the 
room. The air from the side vents cools off 
the condenser coils and carries their heat 
outside the house. 


FRONT PANEL 


,LOUVERS 


CONDENSER COILS SIDE VENTS EVAPORATOR COILS 



’ How an air conditioner dehumidifies 

An air conditioner will provide comfort as 
much by drying the air as by lowering its 
temperature. Hot, moist air not only cools 
as it passes over the evaporator coils, but 
also loses its ability to hold moisture. The 
air’s water vapor condenses in droplets on 
the evaporator coils, drips into a collecting 
pan, and flows by gravity through tubes 
leading to a second collecting pan located 
under the condenser fan. 

A rotating slinger ring, attached to the fan 
blades and partly immersed in the pan, 
whips the water up out of the pan, and the 
fan flings it across the hot condenser coils. 
The water helps to cool the coils, then pass¬ 
es outside the house in water droplets. 
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ROOM AIR CONDITIONERS continued 


Maintenance 

Only an air-conditioning repairman 
has the tools and skills to test and fix 
the sealed, pressurized refrigeration 
system in your air conditioner, but 
some repairs, such as replacing a 
thermostat (below), are simple; and 
anyone can do all the maintenance 


work necessary to keep a unit oper¬ 
ating efficiently. At the start of the 
cooling season, oil the fan motor 
bearings (pages 194-195), straighten 
bent coil fins (bottom, right) and re¬ 
move dust and lint from the coils. 
Most important of all, clean or re¬ 
place the air filter at the start of the 
cooling season and monthly during 
it: dirty filters cause more unneces¬ 


sary calls to servicemen than any 
other problem. Central air condition¬ 
ers (pages 334-335), although basi¬ 
cally similar to room air conditioners, 
are more complicated mechanically, 
and are much more expensive; to 
protect their investment, many own¬ 
ers buy a service contract (page 257) 
that covers both the routine mainte¬ 
nance and emergency repairs. 



Loosen the control panel, and pull off the 
control knob and power-line connectors 
(left) Remove the mounting screws, and 
take out the thermostat, tube and sensing 
bulb. I nstall a new thermostat (an exact du¬ 
plicate, if possible]: do not kink the tube 


Testing a thermostat 


If the compressor does not run or runs 
continuously, check the thermostat Un¬ 
plug the power cord, pull off the ventilator 
knob, remove the top screws of the con¬ 
trol panel and loosen the panel’s bottom 
screws so it opens Pull off the two power¬ 
line connectors and attach a continuity test¬ 
er (page 137) to their terminals With the 
thermostat at its warmest setting, the tester 
lamp should not light. Turn the knob to the 
coldest setting; the tester lamp should light. 


Straightening bent fins 

Bent or dirty condenser and evaporator 
fins cut air flow, reducing cooling efficien¬ 
cy Straighten bent fins with a fin comb sold 
at refrigeration-parts stores Spacing of the 
comb teeth should match that of the fins on 
your coils-spacing is marked as fins per 
inch Combs remove dirt from coils, but a 
vacuum cleaner does it better 
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Troubleshooting Air Conditioners 


Problem 

Possible Causes 

Solution 

Unit does not run 

Power not reaching unit 

Defective cord 

Check plug, fuse or circuit breaker 

Check and replace cord [pages 

186-187J 

Fuses blow or circuit 

Unit restarted too soon after use 

Wait five minutes before restarting 

breaker trips repeatedly 

Wrong fuse 

Overloaded circuit 

Use time-delay fuse of correct rating 

Plug other appliances into a different 
circuit 

Fan runs but air is not 

Defective thermostat 

Replace thermostat [oppositeJ 

cooled 

Defective compressor 

Call repairman 

Compressor runs to cool 

Blower or fan obstructed 

Shut off power and clear obstruction 

air but fan does not 

Fan-motor bearings dry 

Lubricate fan motor [page 194) 

circulate it 

Defective fan motor 

Call repairman 

Compressor turns on and 
off repeatedly 

Cold air deflected into unit 

Unit restarted too soon 

Condenser air flow blocked 

Thermostat bulb out of position 

Move curtains or furniture deflecting 
cold air 

Wait five minutes before restarting 
Vacuum-clean condenser coils 
Reposition bulb in return airflow 
but not touching evaporator coils 

Unit does not cool 

Thermostat set too warm, or is 

Adjust thermostat; replace if 

sufficiently 

defective 

Insufficient air flow 

Low outside temperature causing 
evaporator to ice over 

Cool air escaping 

Loose blower 

Unit too small for room size or 
weather conditions 

necessary 

Clean or replace air filter; vacuum- 
clean both coils and straighten bent 
fins [opposite) 

Do not run unit when outside 
temperature is below 70° 

Close unit exhaust or ventilation 
doors; close heating-system 
registers, seal leaks around doors 
and windows 

Tighten screw holding blower on shaft 
Install unit with higher B.T.U. rating 

Noisy operation 

Loose or obstructed blower 

Dry bearings in fan motor 

Bent or dirty fan blades 

Vibrating refrigerant tubing 

Loose or insecure mounting 

Tighten screw holding blower on. 
shaft; remove obstructions 

Lubricate bearings 

Straighten and clean blades 

Carefully align tubing so it does not 
hit metal; tape tubing to solid support 
Tighten mounting or add additional 
supports 

Water drips from inside 

Improper installation 

Tilt unit slightly toward outside 

unit 

Drain tube plugged 

Remove and clean with small brush 

Water drips from outside 
unit 

Extremely humid weather 

Dripping is normal; if necessary, 
attach a pan and drain to carry water 
out of the way 
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AIR CONDITIONING continued 


Central 

Air Conditioners 

The most convenient way to cool, de- 
humidify and filter air in a house is 
with a central air conditioner rather 
than with individual room units, and 
this extra comfort is being provided 
to about two million more homes 
each year. The systems generally 
used distribute the conditioned air 


through ducts, as warm-air heating 
systems do, and most are combined 
with warm-air furnaces. The cooling 
units, unlike room air conditioners, 
are made in two separate parts: the 
evaporator coil fits into the plenum 
chamber atop the furnace (below), 
and is connected by tubing to the 
condenser unit. The condenser unit 
—with its heat and noisy machine¬ 
ry—is located outside of the house 
(opposite, bottom). 

Nearly all warm-air furnaces are 


now designed for the simple addition 
of such cooling units. But not all 
warm-air systems have ductwork ad¬ 
equate for air conditioning, since 
cooling requires more and perhaps 
larger ducts than heating does. For 
summer conditioning, large quanti¬ 
ties of cold air have to be forced up 
and hot air pulled out, demanding 
—particularly to cool second-floor 
bedrooms—not only a blower that is 
powerful but also ducts that can han¬ 
dle the substantial air flow. 


Cooling a house through a furnace 

In the air-conditioning system at right, in¬ 
stalled in a forced-air heating system with 
only minimum modification of the existing 
equipment, the air flow through the duct¬ 
work (arrows) remains the same as in the 
winter Hot. humid air from the house flows 
to the basement through the return air duct 
and passes through the air filter. (Because 
of tf’e increased air flow required to force 
cold air throughout the house, check the fil¬ 
ter monthly and, if necessary, replace it or 
cleanse it of dust and pollen ) 

The furnace blower, reset to operate at a 
high speed (instructions for such adjust¬ 
ment are on page 314), forces the filtered 
air across the evaporator coil Located in 
the plenum chamber above the furnace, it 
is cooled by refrigerant from the condenser 
unit outside the house Moisture condens¬ 
ing on the coil trickles down through a pipe 
to the floor drain, while the cooled and de¬ 
humidified air is pushed through the air- 
supply ducts to the rooms above 
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Aim A-coiD for cooDoog 

The most common evaporator coil used in 
a central system is a two-section design, 
called an A-coil from its shape, which 
crowds the greatest amount of cooling coil 
into the available space, A drain pan col¬ 
lects the water that condenses on the coil. 
The pipe that empties this pan is fitted with 
a drain trap, partly to prevent insects from 
crawling up to the coil, and partly to insu¬ 
late the system from the warm, humid air 
that is in many basements. 


An outdoor unit to dump the heat 

I nstalling the condenser coil and compres¬ 
sor in a separate unit outdoors removes 
noise as well as heat. The only connections 
with the other parts of the system are the 
wires to a central thermostat and two runs 
of tubing-one that supplies cold refriger¬ 
ant liquid to an evaporator in the house, 
and another that brings warm refrigerant 
gas to be pressurized in the compressor, 
and then liquefied while it is releasing its 
heat in the condenser. 

Air enters the unit through louvers and ab¬ 
sorbs heat as it passes over the condenser 
coils; the fan sends heated air upward. 


CONCRETE 

SLAB 


CONDENSER 

COIL 


COMPRESSOR 



REFRIGERANT TUBING 
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VENTILATING FANS 

Any air that moves can be a comfort, of course. 
When it is moved so that hot air is replaced with 
cooler air, dirty air with clean, the comfort is fur¬ 
ther increased. Even in an air-conditioned house, 
fans lighten the load on the cooling mechanism to 
give optimum comfort for less money. For all these 
purposes, a permanently installed fan—in attic, 
roof, wall or ceiling -can be matched to need. 


Small exhaust fans [pages 338-339] remove 
heat, humidity, grease and odors from bathroom, 
kitchen or laundry. Larger fans, installed in attic or 
roof, take even greater advantage of the fact that 
hot air rises. A large attic fan [below] pulls cool air 
in at the bottom of a house and blows hot air out at 
the top It alone will do a surprisingly effective job 
of cooling in a temperate climate. A roof fan [bot¬ 
tom] fulfills a more limited assignment: emptying 
hot air out of an attic and replacing it with cooler 
air drawn in through vents in the eaves. 


SOFFIT VENT 
EXHAUST AIR 



AIR DRAWN 

THROUGH 

WINDOWS 


Cooling with an attic fan 

A home can be cooled at relatively low cost 
with a large fan installed in the attic, either 
on the floor [left ]or in a gable wall The fan, 
controlled by a timer or switch downstairs, 
does not actually cool indoor air Rather, as 
the arrows show, it draws fresh air through 
open windows into rooms to be cooled and 
forces hot attic air out through gable lou¬ 
vers or screened soffit vents in the eaves. 

An attic fan works best after sunset, when it 
can replace hot air in the house with cooler 
outdoor air, but it can be run at any time to 
blow hot air out of the attic. 


AIR FLOW 
INSIDEATTIC 


EXHAUST 

AIR 



AIR DRAWN 
INTO ATTIC 


Ventilating with a roof fan 

The summer temperature in an attic can 
reach 130°. close to the upper limit of hu¬ 
man endurance. Even when the attic floor 
is insulated, some of this heat radiates into 
rooms below, making heavy work for an air 
conditioner As much as half this extra bur¬ 
den can be lifted with a roof fan 

Set into the roof near the ridgeline, the fan 
is controlled by a thermostat that turns it on 
at a selected level, say 100°, and off when 
the attic temperature drops to about 85° 
Smaller than the attic fan above, this fan ex¬ 
hausts hot air only from the attic But since 
its suction is limited to the attic, it does not 
draw dust or pollen into the living quarters 
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A targe fan for the attic 

To ventilate an average-sized home, a fan 
must move at least 5.000 cubic feet of air a 
minute This job requires blades 24 inches 
in diameter or larger, driven through a belt 
and pulley by a one-third- or a one-half¬ 
horsepower electric motor that is con¬ 
nected to a separate 120-volt, 20-ampere 
circuit. When installed in an attic floor [op¬ 
posite], the fan sits directly above a shutter 
fitted with blades that are pulled open by air 
pressure when thefan is running; when the 
fan stops, a spring pulls the shutter closed. 
The wall switch Cor timer) that controls the 
fan can be installed in any convenient 
place. For a 24-inch fan, about 16 square 
feet of metal louvers are needed to handle 
the air moved by the fan. 

At the start of the cooling season, clean the 
fan and shutter blades; lubricate the motor 
and shutter. Tighten screws and bolts, in¬ 
cluding those holding the motor pulley and 
the fan blades to their shafts. Tighten the 
belt-by repositioning the motor—so it will 
not slip Replace a worn belt. 


A fan that sits on the roof 

Less expensive than an attic fan. the roof 
fan at left will still move 1.000 cubic feet of 
superheated air out of an attic each minute 
The most common sizes use 14- or 16- 
inch blades that are turned by a one-tenth 
horsepower direct-drive motor. The fan is 
mounted over a hole in the roof; a cover 
keeps rain out and a screen bars insects. 
The thermostat is near the fan. 

Once a year, clean the motor housing and 
the fan blades. Oil the motor if it has oil 
holes, and remove any debris that might 
clog the screen. 


Troubleshooting Attic Fans 


Problem 

Possible Causes 

Solution 

Fan does not run 

Electricity not reaching motor 

Check circuit breaker or fuse 


Defective switch or loose wiring 

Replace switch; tighten connections 


Defective motor 

Replace motor 

Insufficient airflow 

Slipping or worn belt 

Adjust tension or replace belt 


Blocked air openings 

Clean shutters, louvers and vents 

Excessive noise 

Dry motor bearings 

Lubricate bearings with motor oil 


Dirty or unbalanced blades 

Clean blades: straighten or replace 


Loose mounting 

Tighten all bolts and screws 
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VENTILATING FANS continued 


Exhaust Fans 

Bathrooms, laundry rooms and kit¬ 
chens often need forced ventilation. 
Large amounts of heat and humidity 
are added to the air each time a hot 
shower is taken or clothing is washed 
and dried. A kitchen range will gen¬ 
erate as much as 200 pounds of 
grease-laden moisture each year, as 
well as heat and odors. 

Exhaust fans eliminate the discom¬ 
fort of poor ventilation and help pre¬ 
vent rust and mildew damage. They 


also ease the air-conditioner or de¬ 
humidifier load by removing much 
heat and humidity at the source. 

The typical exhaust fan illustrated 
below is installed through the exteri¬ 
or wall of a room, eliminating the 
need for ducts. Other types are de¬ 
signed for ceiling installation; they 
are often used in bathrooms and may 
have long ducts leading to the out¬ 
side. Some exhaust fans are con¬ 
trolled with a pull chain, others with 
a wall switch or timer. 

The hooded fans on the opposite 
page, especially engineered for use 


above kitchen ranges, contain alumi¬ 
num filters to trap grease. The duct¬ 
ed model exhausts heat, moisture, 
smoke and odors outdoors; the duct¬ 
less hood cleans the air by circulat¬ 
ing it through filters. 

All of these fans require periodic 
cleaning for efficiency and safety. An 
accumulation of dirt and grease can 
be a fire hazard, and it may restrict 
the flow of air sufficiently to cause 
overheating of the motor. Cleaning 
procedures are outlined below and 
opposite; directions for replacing a 
defective switch are below. 



DOOR 


Cleaning an exhaust fan 

An exhaust fan needs cleaning every six 
months If it serves a kitchen, it should 
have an aluminum filter to trap grease: 
wash this filter once a week in a dishwash¬ 
er or hot water and detergent Removing 
one thumbscrew frees grille and filter 

If you have a pull-chain model (releasing 
the chain lets a spring push the outside 
door open), turn off power at the service 
panel before cleaning other parts. Unplug 
the motor, unscrew the motor bracket, 
and remove bracket, motor and fan. Wash 
them and the housing interior with a soft 
cloth dampened in hot, soapy water, being 
careful not to get water into the motor or 
switch. Handle fan blades carefully; once 
bent, they are noisy If the motor has ports 
marked "OIL,'’ put in a few drops of light oil 
before reassembling the fan 


Replacing a pull-chain switch 

A fan with a pull-chain switch is on when 
the chain is unhooked to remove pressure 
from the switch plunger. Grease or mois¬ 
ture can accumulate in the switch, making 
it stick If the fan will not turn on or off, turn 
off power at the service panel and disas¬ 
semble the fan as described at left. Loosen 
the switch cover in the housing, remove the 
knurled nut and pull outthe switch. Discon¬ 
nect it by removing the two wire nuts that at¬ 
tach the switch to the house cable. Test the 
switch with a continuity tester (page 137]. 
If it is defective, replace it 
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Cleaning a ductless range hood 

Ductless hoods generally include lights. 
They catch much of the grease and odor 
produced by a range, although they do not 
get rid of heat or moisture since they recir¬ 
culate air [arrows] instead of expelling it. 
Wash the grease filter with hot water and 
detergent once a week. Replace the char¬ 
coal pellets in the odor filter once a year. 
Every six months, turn off power at the ser¬ 
vice panel, remove the filters, unplug the 
motor and loosen the motor bracket. Then 
remove the motor and fan for cleaning with 
a soft cloth dampened in hot, soapy water. 
Clean the hood’s underside the same way. 



GREASE FILTER 


BLOWER HOUSING 



Cleaning a ducted range hood 

Ducted range hoods, the most efficient of 
kitchen ventilators, often have lights and 
blowers (enclosed fans with a squirrel- 
cage design rather than blades) that move 
large amounts of air [arrows]. But if not 
cleaned regularly, they accumulate grease 
and dirt that lower their efficiency. Once a 
week, remove the grease filter and wash it 
with hot water and detergent. Every half 
year, turn off power at the service panel and 
clean the whole unit. 

Remove the filter, unplug the motor, and 
unsnap the swinging clamp bracket to re¬ 
move the motor and blowers. Slip off the 
blowers' housings and carefully remove 
the blowers by loosening the setscrews 
that hold them on the motor shaft. Clean 
these parts in hot, soapy water. With a soft 
cloth dampened in soapy water, clean the 
cooling openings in the motor housing. 
Cleaning ductwork is a professional’s job. 
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Getting the Most Out of Machines 
for Yard and Garden 


Yards and gardens were the last bastions of 
manual labor around the home. Launderers 
had had their hands out of water and cooks had 
stopped carrying wood for the stove long be¬ 
fore power lawn mowers for domestic use came 
on the market after World War II. Until then, 
mechanized lawn mowing was only for parks, 
big estates and golf courses. 

Once rolling, however, the forces of mecha¬ 
nization advanced rapidly. In recent years, 
power mowers have all but supplanted manual 
models. Electric hedge trimmers began to re¬ 
place manual shears in the 1960s. And subse¬ 
quent development of efficient but small re¬ 
chargeable batteries made feasible still another 
laborsaving device, the portable electric grass 
clipper. The latest addition to the homeown¬ 
er’s backyard arsenal is the small gasoline or 
electric chain saw, which speeds the pruning 
of trees and the cutting of wood for the fire¬ 
place. Other tools that are now weapons of the 
homeowner as well as the professional land¬ 
scaper— such as gasoline-powered rototillers 
and whirling-line weed trimmers—are better 
rented than purchased. The lightweight mod¬ 
els that are for sale at home centers do not mea¬ 
sure up to the quality of the heavy-duty rental 
machines. And since they are needed only oc¬ 
casionally, it is more practical to leave their 
maintenance and repair to someone else. 

Yard and garden jobs, more than others 
around the home, require powerful machinery. 
Riding mowers can have engines of 14 or even 
more horsepower. Everyday rotary mowers 
have engines of about three horsepower that 
propel the blade tips at 200 miles per hour. 

The heavy-duty jobs that the outdoor power 
tools perform not only demand power but 
cause rapid wear. Parts loosen, cutting edges 
are blunted and engines balk. Correcting such 
faults when they occur not only makes ma¬ 
chines perform more efficiently but extends 





their lives. Poor maintenance, on the other 
hand, results in machines that are dangerous, 
no matter how carefully used. 

Some necessary maintenance is often over¬ 
looked. Sharpening is one example —although 
one tool, the hedge trimmer, with teeth of ex¬ 
tremely hard steel, rarely needs such attention. 
But a lawn-mower blade keeps its edge only 
about half a season, and the many small blades 
of a chain saw should be filed after half an hour 
of cutting hardwood logs. 

Symptoms of dullness are unmistakable. 
Grass clippers need sharpening when they be¬ 
gin to bend grass and trap it between the blades 
instead of snipping it off neatly. A chain saw 
cuts more slowly as it become dull, and the 
chain turns very hot; it may saw crooked or 
buck, trying to jump out of your hands. A lawn 
mower will shorten grass even if its blade is 
blunt; but the lawn will assume a brown cast 
after a couple of days because some grass 
blades have been ripped rather than cut. 

The best tool for sharpening lawn-mower 
and grass-clipper blades is an ordinary flat file 
(page 28). By removing only small amounts of 
metal, it helps you avoid oversharpening 
blades. You can use a sharpening stone (page 
28) after filing to hone the edges smooth. 

When sharpening a blade, it is important to 
preserve the angle of the edge ground into the 
blade at the factory. Do not try to work free¬ 
hand; lock the blade in a vise. A lawn-mower 
blade is sharpened by filing the upper side of 
the edge to form a narrow wedge (page 350). 
(Be careful to file both ends of the blade equally 
or the blade will be unbalanced and could vi¬ 
brate enough to damage the mower.) When 
sharpening grass clippers (page 353), however, 
the idea is to shape abrupt corners on the edges 
of the two blades—clippers cut grass between 
the blades rather than slicing it. 

Chain saws are an exception to the flat-file 


rule. Sharpening them requires a round file 
(page 350) and an angle guide —available from 
the dealer. File each cutter equally, and do not 
try to remove a deep nick or to reshape a break. 
If such damage occurs, take the chain apart and 
install a new cutter link (page 355) —a saw 
with cutters of unequal height or irregular 
shape is uncontrollable and dangerous to use. 

Power-cord problems 

Most other maintenance pertains to engines 
(pages 344-345) or motors (pages 190-195). But 
most electrically powered yard tools have one 
accessory that requires special attention: very 
long power cords. Even these long cords are 
seldom long enough to reach the farthest cor¬ 
ner of the yard, so that an extension cord is 
generally necessary. And either the machine 
cord or its extension is easily cut through. 

Just any extension cord will not do for an 
outdoor machine. Its motor may draw a heavy 
current, and that current may have to travel a 
long distance from house receptacle to ma¬ 
chine. Both current load and distance affect the 
size of wire required (box, page 127); if the wire 
is too small, voltage will be reduced by the long 
transmission distance, downgrading perfor¬ 
mance or even damaging the motor. 

If you sever the cord or extension, it is best to 
replace the whole thing. To avoid that expense, 
you can attach male and female plugs (page 
187) to the cut ends and connect them together 
again. Ordinary plugs pull apart easily, but 
special connectors that twist together and lock 
are made for heavy-duty use; you will find 
them at an electrical-supply house that serves 
industrial customers. 

One way to minimize extension-cord prob¬ 
lems is to have outdoor cable laid from the 
house to receptacles around the yard. It is a 
fairly simple job for an electrician, and many 
homeowners do it themselves. 
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However you supply electricity to outdoor 
machines, make sure grounding connections 
are adequate. You ordinarily use these ma¬ 
chines while standing in damp grass, which 
makes a good electrical contact between you 
and the earth so that a shock easily causes se¬ 
rious harm. Inspect your tools frequently and 
replace damaged cords and plugs prompt¬ 
ly. The electrical code requires a ground- 
fault circuit interrupter (page 145) to be 
installed on any circuit with outdoor recep¬ 
tacles. It trips so fast that it prevents harm to 
you even if your tool becomes defective or 
the grounding system fails. 

Bedding down your machines for the winter 

Garden machines are unlike the others around 
the house in that they are seasonal tools and 
must be put away for the winter. Rust is the 
main enemy; it can freeze (that is, immobilize) 
a machine and make it difficult —or even im¬ 
possible—to get it back in commission for the 
following season. For protection against rust, 
machines with electric motors require little 
preparation: just remove grass accumulations, 
which retain moisture, and lightly coat un¬ 
painted exterior metal parts, especially blades, 
with engine oil. 

In gasoline engines, rust is more insidious; it 
can, in effect, weld the piston to the cylinder 
wall. Four-stroke engines, the kind usually 
found on lawn mowers, rust more easily than 
the two-stroke engines in chain saws because 
of the difference in their fuel supplies: the two- 
stroke type uses oil mixed with gasoline to lu¬ 
bricate the cylinder while the engine runs, and 
thus has built-in rust protection. 

Before storing either kind of engine, drain 
leftover gasoline from the fuel tank to keep it 
from evaporating—it would leave gummy de¬ 
posits in the carburetor or fuel line. 


Start the engine and run it until it stops, thus 
using up any gasoline in the fuel line and car¬ 
buretor. Drain the oil from a four-stroke engine 
and fill it with fresh oil. If your engine has a 
sediment bowl, remove the bowl from the car¬ 
buretor, wipe it clean and reinstall it. Brush off 
the engine and lightly coat all unpainted metal 
parts with engine oil. 

Remove the spark plug and pour a table¬ 
spoon of engine oil through the spark-plug 
hole. Replace the plug, and crank the engine 
several times by hand to distribute the oil even¬ 
ly in the cylinder. Close the choke, and cover 
the air cleaner and exhaust pipe with cloths to 
keep debris out of the engine. 

Cover all outdoor machine tools before put¬ 
ting them away, but do not give in to the temp¬ 
tation to seal them in plastic bags in the 
expectation that the plastic will keep moisture 
out. Plastic also traps moisture, and this hu¬ 
midity will cause severe rust over the winter. 
The best wraps are old newspapers or grocery 
bags. Store tools in a dry place where there is 
unimpeded air circulation. 

Electric machines are generally ready to be 
plugged in when spring comes. Engine-driven 
ones, however, require preparation. When you 
take the mower or chain saw out of storage, 
check the spark plug (page 349) and replace it 
with a new one if necessary. Before installing 
the plug, crank the engine several times to ex¬ 
pel any excess oil from the cylinder. Tighten 
screws and bolts. Uncover the air cleaner and 
exhaust pipe, pour fresh gasoline into the tank, 
connect the cable to the spark plug, and start 
the engine. The exhaust will emit dense blue 
smoke until the oil residue in the cylinder has 
been burned. If the engine turns out to be es¬ 
pecially hard to start, take off the air cleaner 
and pour a couple of tablespoonfuls of fuel 
down the carburetor throat. 
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POWER LAWN MOWERS 

Most lawn mowers depend for their muscle on a 
four-stroke gasoline engine—a collection of preci¬ 
sion parts, working in close synchronism to har¬ 
ness violent explosions [opposite) to the task of 
cutting grass. For mowers, this type of engine has 


nearly replaced the simpler two-stroke engine still 
used on chain saws [pages 354-357] 

All gasoline engines require periodic attention to 
keep them running smoothly, and all are made of 
similar parts, adjusted in similar ways (the excep¬ 
tion is the chain saw’s unique carburetor). Dull 
blades and broken starter ropes are common 
mower problems that you can fix at home. 



Inside and outside a gasoline engine 

Within the cast-iron casing of a typical one- 
cylinder mower engine, a connecting rod 
converts back-and-forth motion of the pis¬ 
ton into rotary motion of the crankshaft A 
pair of gears links the crankshaft to a cam- 
I shaft whose cams, with the help of stiff 


springs on the intake and exhaust valves, 
open and close the valves in time with the 
piston [opposite page]. 

Mounted outside the engine isasimple car¬ 
buretor that uses a stream of air [light blue 
arrows], filtered through a layer of foam 
rubber, to atomize gasoline from the fuel 


tank A mixture of gasoline and air [light 
blue dots] passes by way of the intake valve 
into the cylinder where it is ignited by a 
spark plug Leaving the cylinder by the ex¬ 
haust valve, waste gases go through a 
noise-reducing muffler Heat, another by¬ 
product of combustion, is dissipated by 
cooling fins molded into the engine casing 


344 






























































1 The start of the cycle: intake 

On the intake stroke, the exhaust valve is 
closed. Vaporized fuel mixture (light blue 
dots,] rushes into the cylinder through the 
open intake valve [light blue arrow] to fill a 
partial vacuum created as the crankshaft 
pulls the piston right [white arrows]. 



2 Compression 

As the crankshaft continues to turn, it ro¬ 
tates the camshaft so that both valves are 
closed, and it forces the piston to the left. 
The piston compresses the fuel mixture to 
about one eighth its original volume and 
heats it to make it more explosive. 



3 Ignition 

Near the end of the compression stroke, 
the spark plug ignites the fuel mixture. The 
temperature inside the cylinder jumps to 
2,000° more than quadrupling the pres¬ 
sure, which shoves the piston to the right 
to turn the crankshaft. 


4 Exhaust 

Pushed leftward again by the crankshaft, 
the piston forces waste gases out the open 
exhaust valve. As the crankshaft turns, it 
will pull the piston to the right, the exhaust 
valve will close, and fuel and air will enter 
the cylinder to start the cycle again. 
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POWER LAWN MOWERS continued 


The Electric System 

With even the simplest lawn mowers, 
the price of convenience is complex¬ 
ity—and complexity in this case de¬ 
mands proper maintenance of the 
machine. The lawn-mower blade re¬ 
quires only an occasional filing to 
keep it sharp. But the engine calls for 
more attention. The oil needs to be 
I changed and the carburetor adjusted 


regularly. The spark plug has to be 
cleaned or replaced and its gap set 
with a round feeler-gauge. Contact 
points in the magneto also have to be 
adjusted, a job which requires a flat 
feeler-gauge. To uncover the points, 
the blower housing and the flywheel 
must be taken off. Many flywheels 
can be loosened with the help of a 
hammer blow; others are made to be 
removed with a special tool that is 
called a flywheel puller. 


SAFETY BAR 


How a lawn mower works 

A power lawn mover cuts grass with an 
edged, angled bar fastened to the engine 
crankshaft As the blade rotates, its slightly 
raised rear edge creates a draft that lifts the 
grass for better cutting and also blows grass 
clippings out the discharge chute. A mower 
cuts grass to a length determined by the 
height of the blade, which can be adjusted 
by raising or lowering the wheels with height 
adjustment levers. The lever and a cable on 
the handle control a combination choke and 
throttle on the carburetor. The engine can run 
only when the safety bar along the inside of 
the handle is raised and gripped (Mowers 
made before 1983 lack this safety feature.) 
When the safety bar is released, a cable con¬ 
nected to it pulls a brake band tight against 
the flywheel, instantly stopping the spinning 
of the flywheel and magneto, and grounding 
out the electrical current to the spark plug 
(The magneto is concealed beneath the fly¬ 
wheel and a blower housing that covers the 
flywheel cooling fins.) 


THROTTLE-CONTROL 
LEVER 



DISCHARGE 
CHUTE 


MAGNETO 


CRANKSHAFT 


HEIGHT- 
ADJUSTMENT LEVER 
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How a magneto fires a spark plug 

As the crankshaft turns a flywheel contain¬ 
ing a permanent magnet past a transform¬ 
er [page 177), the moving magnets field 
generates electricity in the transformer's 
primary coil, creating another magnetic 
field. A cam on the crankshaft then opens 
a pair of contact points—a kind of switch 
— that work with an electronic device called 
a condenser to interrupt the primary-coil 
circuit and cause the magnetic field to col¬ 
lapse. This new change in magnetism gen¬ 
erates electricity in the secondary coil. 
Since the secondary has more turns of wire 
than the primary, the voltage produced is 
high. This high voltage jumps the spark¬ 
plug gap in a spark that ignites the fuel. 


SPARK PLUG 





Removing a flywheel with a hammer 

A hammer is used to loosen many fly¬ 
wheels. Disconnect the cable from the 
spark plug and remove the blower housing 
[page 351). Hold the flywheel with one 
hand, and with a wrench, unscrew the nut 
to the top of the crankshaft; then loosen the 
flywheel by pulling up on it and striking 
the nut sharply with a hammer [above). 
Take off the nut and remove the flywheel. 


Removing a flywheef with a puller 

Many flywheels require a flywheel puller for 
removal. They are designed with threaded 
holes in the top, into which you can screw 
the legs of the puller after you have com¬ 
pletely removed the flywheel nut. Using a 
wrench to turn the puller center screw lifts 
the flywheel off the crankshaft. 



Setting the gap 


Turn the crankshaft until the contact points 
open as wide as possible. Place between 
the points a feeler-gauge of the thickness 
specified by your service manual. Loosen 
the stationary point in this case attached 
to the condenser- and move it so that both 
points touch the gauge lightly. Tighten the 
stationary point, then remove the feeler- 
gauge and reassemble the lawn mower. 
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AIR CLEANER 


CONTROL CABLE 


POWER LAWN MOWERS continued 

Lawn-Mower-Engine 

Maintenance 

During a summer’s operation, your 
lawn mower may stall in tall grass, 
stutter and stumble as you acceler¬ 
ate from idle to operating speed, or 
become exasperating I y hard to start. 
Almost invariably the cause is engine 
trouble—a worn or defective spark 
plug, or a carburetor setting thrown 
off by the engine’s own vibration. An 
hour spent checking the spark plug 
and adjusting the carburetor will help 
keep your mower running smoothly 
until you store it for the winter. 


FLYWHEEL 

HOUSING 




Locating the parts 

A rear view of a power mower [above] 
shows two external components-the con¬ 
trol cable and the spark plug-that need 
maintenance But to work on the choke 
you must remove some parts [below]. 


Adjusting the choke 

Starting trouble often arises in the choke. 
Pull the spark-plug connector off the plug, 
so the engine cannot start accidentally 
Move the throttle lever on the lawn-mower 
handle to ' CHOKE.'' Unscrew the nuts se¬ 
curing the flywheel housing and pull it off, 
then unscrew the wing nut securing the 
air cleaner and set the cleaner aside. You 
can now see the carburetor s choke plate 
-a rotatable disc that controls air flow. 
It should be completely closed, but if it is 
not. loosen the screw of the control-cable 
clamp and slide the cable forward [arrow] 
until the plate closes Hold the cable in 
place and tighten the clamp screw 



Adjusting the carburetor 

Two separate adjustments of the carburet¬ 
or-made with the engine running-set the 
correct gas mixture and idling speed With 
the air cleaner and flywheel housing back 
in place and the spark plug connected, 
start the engine. If it will not start, close the 
needle valve by turning it clockwise until 
you feel slight resistance: do not tighten fur¬ 
ther or you will damage the valve. Then 
open the valve three quarters of a turn to 
one and a half turns, as specified in your 
service manual You should now be able to 
start the engine Run the engine at high 
speed two minutes to warm it up Impor¬ 
tant: Do not touch the hot engine or bring a 
hand or foot near the whirling blade. Turn 


the needle valve clockwise one eighth of a 
turn. Wait a few seconds, then turn the 
valve another eighth of a turn. Continue 
turning clockwise in eighth-turn steps until 
the engine begins to slow Now, count¬ 
ing the steps this time, turn it counterclock¬ 
wise in eighth-turn steps until the engine 
begins to falter. The correct valve setting is 
halfway between the two extremes 

To set idling speed, move the throttle to 
SLOW" and turn the adjustment screw 
until the sound of the engine indicates that 
it is running at about half its maximum 
speed The correct idling speed may seem 
fast to you, but small gasoline engines are 
designed for high speed; slow idling may 
cause unburned fuel to foul the spark plug 
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1 Removing the spark plug 

If an engine stutters or-frequently misfires, 
check the spark plug. Remove the connec¬ 
tor and examine it; if it seems too loose for 
the plug, squeeze it slightly with pliers until 
it fits snugly over the terminal, then take it 
off again. Wipe dirt from around the spark 
plug with a clean rag, then unscrew it with 
a spark-plug socket wrench. Reuse a plug 
that shows normal wear; replace a defec¬ 
tive one [drawings, bottomJ. 




2 Checking the spark-plug gap 

Check the gap of every plug, new or old. 
before installing it. Consult your service 
manual for the correct gap. and pull a wire 
feeler-gauge of that diameter between the 
electrodes. The gauge should fit snugly. 


3 Adjusting the gap 

If necessary, bend the spark plug's side 
electrode with a spark-plug gapping tool, 
narrowing or widening the gap until the 
gauge shows it is correct 

Before installing a plug, oil the threads; set 
the seal in place and screw the plug into the 
engine with your fingers; and then tighten 
the plug slightly with the socket wrench. 
Reattach the spark-plug cable. 



Analyzing a spark plug 

The drawings at left show spark plugs in 
four distinct conditions. All but the normal 
one should be discarded-but the others 
can be used to diagnose engine trouble. 

On a normal plug, electrodes show slight 
wear, with thin brown or tan deposits. 

Additive-fouled electrodes are peppered 
with debris that can short-circuit the plug. 
Cause; fuel with high lead content. 

Wet-fouled electrodes are coated with oil. 
Causes: clogged air filter, weak ignition 
system or excessive idling. 

Burned plugs have light gray or chalky 
electrodes, worn by heat. Causes dirty 
cooling fins, a carburetor set too lean, or an 
overloaded engine. 
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POWER LAWN MOWERS continued 


Blades and Ropes 

There comes a time for nearly every 
lawn-mower owner when his mower 
begins to chop at his lawn instead of 
cutting it. Or when, trying to start the 


engine, he finds himself sitting down 
hard on the ground with one end of 
a broken starter rope in his hand. 
Sharpening a lawn-mower blade is 
simplicity itself—a few dozen strokes 
of a file, and the job is done. Replac¬ 
ing a starter rope is more complicat¬ 


ed, but basically the procedure is the 
same for all mowers. The tricky part 
of the job is coiling the starter spring, 
which is stiff and sometimes obdu¬ 
rate. Important: Never work on a 
power mower until you disconnect 
the spark-plug cable. 



CUTTING EDGES 


CUTTING 


EDGE 


30° ANGLE 


Balancing the blade 


Sharpening a rotary-lawn-mower blade 

Pull the cable off the spark plug, then re¬ 
move the nut or screw that holds the blade 
to the crankshaft Put the blade in a vise 
[page 353) and file the cutting edges to a 
30° angle Do not try to remove deep nicks 
in the blade Nicks do not affect cutting ap¬ 
preciably, and removing them requires 
onerous filing of both cutting edges to keep 
the blade balanced 


Before reinstalling the blade, balance it on 
a pencil A small difference in weight be¬ 
tween the two halves of the blade can cause 
vibration, making the mower cut unevenly 
If one end of the blade sinks, file the cutting 
edge until the blade remains level. Put the 
blade back on the crankshaft, cutting edg¬ 
es forward and facing the grass, then re¬ 
connect the spark-plug cable. 


Troubleshooting Power Lawn Mowers 


Problem 

Possible Causes 

Solution 

Engine hard to start or 
runs erratically 

Choke not completely closed 

Fouled or incorrectly gapped plug 

Contact-point gap incorrect 

Defective condenser 

Incorrect fuel-air mixture or idling 
speed 

Adjust the choke [page 348) 

Clean or replace plug and adjust 
gap (page 349) 

Reset gap (page 347) 

Replace the condenser 

Adjust the carburetor (page 348) 

Engine stalls 

Fuel line or gas-cap vent clogged 

Engine overheating - 

Clean fuel line and vent with a wire 

Check oil level and brush dirt from 
between cooling fins 

Grass not cut cleanly 

Dull blade 

Sharpen and balance blade 

Excessive vibration 

Blade out of balance 

Balance blade (above) 
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Replacing a broken starter rope 

After disconnecting the spark plug, unbolt 
the starter-pulley housing to reach the pul¬ 
ley—on some mowers you must first re¬ 
move the blower housing [above]. Lift the 
pulley from under the retaining tab and out 
of the housing. As the pulley comes out of 


the housing, a spring will uncoil. Detach the 
spring from the housing, and pull the old 
rope out of the pulley. Thread a new rope 
through holes in the blower housing and 
pulley. Tie a knot in the rope outside the pul¬ 
ley. but do not wind the rope around yet. 


1 Coiling the spring 

The spring sometimes comes out of the 
pulley hub while you attach the rope. If it 
has, insert the notched end of the spring 
into the slot in the hub: then begin coiling 
the spring around the hub in the same di¬ 
rection it comes out of the slot. 



2 Winding the rope 

Hold the pulley, hub down, on aflat surface; 
turn it to continue coiling the spring When 
it is coiled, hold it against the face of the pul¬ 
ley and turn the pulley in the opposite direc¬ 
tion to wind as much rope as possible into 
the pulley groove. 


3 Reinstalling the pulley 

Engage the spring end in the notch in the 
blower housing; pull on the starter handle 
totake up slack in the rope. Insertthe pulley 
in the housing under the retaining tab. Re¬ 
lease the pulley slowly to let the spring set¬ 
tle in place. Reattach the housing. 
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SHRUB AND GRASS CUTTERS 

The difference in operation between the hedge 
trimmer [below] and the grass clipper [right] is 
that the trimmer’s cutting blades move forward 
and back while the clipper’s blades move side to 
side More important to the user, however, is a dif¬ 


ference in power supplies. Most hedge trimmers 
have to be plugged into house current, which runs 
motors able to drive blades over 20 inches long. 
Grass trimmers use rechargeable batteries to run 
smaller motors driving three-inch-wide blades. 
Clipper blades need periodic sharpening [oppo¬ 
site, bottom], but trimmer blades rarely do. If badly 
nicked, they should be replaced [below]. 


MOTOR 



How the hedge trimmer cuts 

When the motor of the hedge trimmer is 
switched on, its drive shaft turns a large 
gear with a raised metal disc, which is set 
off-center on the gear bottom. The disc fits 
into a slot at the back of the movable blade. 
As the gear rotates, the disc pushes the 
movable blade forward and backward over 
the fixed blade 3.000 times a minute. 


Replacing a damaged blade 

If the hedge trimmer’s movable blade be¬ 
comes badly nicked and binds on the fixed 
blade, replace it, using a replacement kit 
that contains a new blade, screws and 
washers. Remove the screws holding the 
housing and open it. Unscrew the blades 
from the housing, then unscrew the mov¬ 
able blade from the fixed one Attach the 
new movable blade to the fixed blade with 
the new screws; reassemble the trimmer 


FIXED BLADE 
DISC 

DRIVE SHAFT 


ASSEMBLY 


HOUSING SCREWS 
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The grass trimmer 

The grass trimmer is powered by a re¬ 
chargeable battery (pages 208-209J that 
will run its motor for as long as 45 minutes 
on a single charge. When the motor is 
switched on, it drives a set of nylon or met¬ 
al gears, the largest of which carries a 
raised, off-center disc that fits into a slot on 
the movable blade. The slot runs length¬ 
wise, so that when the gear turns, the disc 
moves the blade from side to side over the 
fixed blade, like high-speed scissors. 



FIXED BLADE 


BLADE MOUNTING SCREWS 



Sharpening the clipper’s blades 

If the clipper is ripping the grass instead of 
snipping it, resharpen the blades Some 
manufacturers make special sharpeners 
that can be used while the blades are still 
mounted, but a flat file works well if you re¬ 
move the blades from the clipper. 

Take out the blade mounting screws and 
clamp both blades together in a vise. Move 
a fiat file across the teeth at an angle match¬ 
ing the original cutting angle on all edges. 
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CHAIN SAWS 

A chain saw uses the power of a gasoline engine 
or an electric motor to drive a chain studded with 
tiny cutting blades around an oval guide bar at up 
to 2,800 feet per minute. Electric chain saws 
(right) are smooth and relatively quiet, but they are 
limited in their use afield by the length of their ex¬ 
tension cords. Gasoline-driven chain saws are 
noisy but offer more freedom of movement, and 


range from the two-horsepower model below to 
eight-horsepower giants used by lumberjacks. 

The gasoline-powered chain saw’s magneto 
and rope starter can be fixed in the same way as 
those on the lawn mower (page 351). The en¬ 
gine’s exhaust ports are easily cleaned (page 357). 
But the most common maintenance job is keep¬ 
ing its cutting chain sharp and at the correct ten¬ 
sion (page 356). important: Disconnect the spark 
plug before working on a gasoline-driven saw, and 
wear work gloves to handle the chain 



AIR INTAKE 


UPPER HANDGRIP 
MAGNETO- 

ROPE STARTER — 
CARBURETOR 
ENGINE 
FUEL TANK 


MUFFLER 


A carburetor that works upside down 

A chain saw works in many positions, so its 
carburetor- unlike those in mowers- can¬ 
not depend on gravity to feed it fuel. In¬ 
stead, flexing plastic discs pump fuel. The 
firstdisc is located intheinletchamber, with 
a space behind it (to the left of the disc in 
the diagram] connected to the engine by a 
tube. As engine pressure changes, each 
change is transmitted through the tube 
to the back of the inlet chamber-flexing 
the disc. The disc pushes against the fuel 
in the chamber (to the right of the disc], 
forcing fuel through a channel to a valve 
connected to the second disc. When the 
engine is running it draws its fuel from 
the main chamber through a needle valve 
into the carburetor throat As the amount 
of fuel in the chamber decreases, the sec¬ 
ond disc flexes to the left, opening the inlet 
valve and admitting more fuel. 


CLUTCH 


TRIGGER 

HANDGRIP 


NEEDLE VALVES- 

CARBURETORTHROAT 


How a gasoline-driven saw works 

Once the engine is started by its rope, a trig¬ 
ger on the rear handle controls speed 
through a carburetor linkage The engine 
turns a clutch [right] and sprocket that 
drive the cutting chain around the guide 
bar While the engine is running, a button 
can be pushed to drip oil onto the chain 


MAIN CHAMBER 
' SECOND DISC 
/ FUEL INLET 
/ /TUBE 


FUEL 

CHANNEL 


INLET VALVE 


INLET 

CHAMBER 

FIRST 

DISC 
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SHAFT 

CLUTCH 


The electric chain saw 

Electric chain saws are driven by universal 
motors [pages 190-191), which do not 
slow down under a load. The output shaft 
of the motor turns a gear driving a clutch- 
and-sprocket assembly like the one in a 
gas-engined chain saw. 

The cutting chain 

The saw’s cutting chain is a steel linkage 
that looks like a bicycle chain. When driven 
around the guide bar by the engine, it pro¬ 
vides continuous cutting action that cannot 
be duplicated with a handsaw. The chain is 
made of three types of links. The drive 
links move the chain by hooking onto the 
sprocket .teeth; they also hold the chain in 
the track in the guide bar. The cutting links 
are spaced to cut evenly from both left and 
right. Side links hold the drive and cutting 
links together and let the chain flex around 
the guide bar and sprocket. 


RIGHT-HAND 

CUTTER 


LEFT-HAND 

CUTTER 


SPIDER 




DRIVE LINKS 

SIDE LINK 


The centrifugal clutch 

The chain-saw engine drives a mechanism 
called a centrifugal clutch (left) whose op¬ 
eration is explained below. Such a clutch 
transfers power to the chain only when the 
engine runs faster than idle speed. This 
makes starting easier by eliminating the 
drag of the chain and letting the engine turn 


freely. The clutch has two sections: a driv¬ 
ing section (dark blue), connected to the 
engine shaft; and a driven section (light 
blue), connected to the chain. On the en¬ 
gine shaft is a 1 spider” with three spokes 
nestling into movable shoes held to the 
spokes by springs. The shoes have friction 
pads to grip the driven section —a drum 
with a sprocket as part of its outer casing. 


FRICTION 

PAD 



1 The clutch disengaged 

When the engine is off or running at idle, 
the tension of the springs holds the clutch 
shoes firmly to the spider. The friction pads 
cannottouch the clutch drum and no pow¬ 
er is transferred to the sprocket and chain. 

2 The clutch engaged 

When engine speed increases, the spider 
rotates quickly and its centrifugal force 
overcomes the springs holding the clutch 
shoes. The shoes slide out and press their 
pads against the drum, turning it and the 
sprocket. The clutch revolves as a unit and 
drives the chain around the guide bar. 
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CHAIN SAWS continued 



1 Chain adjustment: loosening the bar 

A slack chain wears out its drive links and 
can damage the guide bar and sprocket 
Tighten a new chain after a few minutes of 
use; check it often, and tighten it whenever 
it can be pulled easily around the bar To 
reset the tension, loosen the chain-bar ad¬ 
justing nut with a wrench. Support the bar 
in its horizontal position. 


2 Tightening the chain 

Increase the chain tension by turning the 
tension adjusting screw clockwise until 
thecham can be pulled around the bar with 
moderate resistance Retighten the chain- 
bar adjusting nut-making surethatthe bar 
remains horizontal-and check the chain 
tension again. If it is still not correct, re¬ 
peat the procedure 



Placing a file for sharpening 

To sharpen a chain, you need a round file 
and file g uide of the type recommended for 
your model by the manufacturer Hold the 
file and guide diagonally across the cutter 
so that the g uide is flat against the top plate 
of the cutter you are sharpening [top) If the 
guide is placed so that the file is too high 
[center), it will dull the blade further Plac¬ 
ing it too low [bottom) will create a cutting 
shape that wears quickly. 


Mowing a file for sharpening 

Turnthefileguidesothatthe marks cut into 
it are parallel to the chain File from the in¬ 
side of each cutter to the outside, being 
careful to keep the guide flat on the blade's 
top plate and at the correct angle to the 
chain File blades on one side of the chain 
first. Sharpen them all at the same point on 
the bar and use the same number of 
strokes on each one. Then file the blades 
on the other side of the chain the same way 
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Replacing a chain 

If the chain is badly worn or chipped, re¬ 
place it by taking off the bar adjusting nut. 
Then loosen the tension adjusting screw 
and remove the cover that protects the 
clutch. Then take the chain off the sprock¬ 
et, lift it out from behind the clutch and re¬ 
move it from the chain bar 

Place the new chain around the sprocket 
and bar, making sure that the drive links are 
engaged to the sprocket teeth and set into 
the chain-bar track. Adjust the chain ten¬ 
sion as described at left. 




1 Carbon cleaning: the muffler 


2 Carbon cleaning: the exhaust ports 


If your chain saw seems to be losing pow¬ 
er, carbon may becloggingthe muffler and 
exhaust ports. When the muffler is cool, pry 
off the muffler cover, and unscrew the clip 
and baffle. Then use a knife to scrape the 
carbon from every one of these three parts, 
taking special care to clean out the slots in 
the muffler cover. 


Before working on the ports, pull gently on 
the starting cord so that the piston moves 
until it completely covers the exhaust ports. 
This keeps carbon that is dislodged during 
cleaning from falling into the cylinder and 
damaging it. Scrape the carbon from the 
exhaust ports with a piece of soft wood, and 
replace the muffler assembly 
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of Minos at Knossos. Vol. I. by Sir Arthur Evans courtesy 
of Agathon Press, Inc., New York. 52, 53 —Nicholas Fasci¬ 
ano. 68 — Adapted by John Sagan courtesy Armitage Shanks. 
Ltd. 108. 109, 118, 119, 120. 121 Nicholas Fasciano. 124. 
125 John Sagan. 136. 137—Nicholas Fasciano. 138, 139, 
140—Stasolla & Tesoro. Inc. 141 James Eisenman. 144, 
145- Whitman Studio. Inc. 146. 147 Nicholas Fasciano. 150. 
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INDEX 


A 

Acid water, 106; neutralization of, 106 
Aerator, spout, 69. 81; working on, 84-85 
Air chambers, plumbing system, 52-53, 66. 
67 

Air conditioners: determining capacity, 8; 
economizing with, 328; E.E.R. of, 8; how 
they dehumidify, 331 
Air conditioners, central, 331, 334-335; 

combined with warm-air heating, 334 
Air conditioners, room, 330-333; extension 
cords for, 152, 153; kwh consumed, 131; 
troubleshooting, 333 
Alternating current (AC), 126; in foreign 
countries, 128; transformation of, 126- 
128; in United States and Canada, 126. 
See a/so Current, electric; Transformers 
Amperage and amperes, 125, 126; 

matching appliance wire to length and, 
127; reduction of, 127, 128; in today’s 
homes, 146; totting up of, on circuits, 
135; transformer and, 127-128; volts, 
watts and, 126, 135 

Appliances: consumer complaints about, 
20-23; cordless, 208, 209; early, 14-15; 
life span of, 17; repair or replacement of 
cords, 186-187; service contracts, 17-18. 
257; timing controls of, 14, 17. 20, 256; 
warranties, 16, 19. See aiso specific 
appliances; Batteries; Cordless 
appliances; Electrical appliances; 
Motors; Plumbing fixtures 
Armored cable, 139, 144; BX, 139; where 
used. 139 

Attic fan. 336, 337; kwh consumed, 131: 
troubleshooting, 337 

Augers, 48, 50; drain and trap (or snake), 
50; hand or powered, for bored well, 
109; toilet or closet, 50, 101. See also 
Drain and trap auger 

B 

Back-siphonage, cause and prevention, 45, 
99 

Ball-cock assembly of toilet, 96, 97. 98, 99; 

new types. 98, 99, 100 
Ball faucet, 77; changing faucet seats, 77; 

special repair kit, 77 
Ballast of fluorescent fixtures, 159, 160, 
161, 162, 163; function, 159; 
replacement. 159, 163 
Baseboard heating: electric, 324-325; hot- 
water, 316 

Basic home tool kit, 24-33; brushes, 28. 51, 
60; combination square, 28; epoxy 
cement, 31, 50; file, 28, 342; flexible 
metal rule, 30; hammers. 26, 27; 
lubricants, 31; mallet. 27; nails, 31; 


power drill, 32-33; putty knife, 30; 
ripping bar, 28; sandpaper, 31; saws. 29, 
63; screwdrivers, 26; sharpening stone, 
28, 342; silicone caulking, 31; silicone 
spray, 31; spackling paste, 31; staple 
tacker, 29, steel nail set, 27; toggle bolts, 
31; trouble light, 30; utility knife, 30; 
vise. 30; wood chisel, 27. See a/so Pliers; 
Screws; Tools; Wrenches 
Basin wrench, 48-49, 80, 81 
Bathroom basin. See Lavatory 
Bathroom plumbing. See Bathtub and 
shower plumbing; Lavatory; Toilets 
Bathtub(s), 69; new-type, 69 
Bathtub and shower plumbing, 69. 92-95; 
cartridge faucet, 94, 95; drain trap, 93; 
dressing faucet seat, 94; mixing valves, 
69; pop-up bathtub drain, 93; removing 
stem assembly, 95; tub-shower diverter 
valve, 92; tub-spout diverter, 92; 
unclogging drains, 93 
Batteries, 208-209; rechargeable, 208, 353; 
throwaway-type, 208. See a/so Cordless 
appliances 

Battery recharger, 209, 231; how it works, 
209; parts, 209 

Bearings. See Motor bearings 
Bells, 176; transformer for, 176, 177, 179; 
troubleshooting, 179; wiring of, 176- 
177. See a/so Doorbells and chimes 
Bimetallic element in circuit breaker. 149 
Bimetallic thermostats, 236, 237, 259, 262, 
272, 300, 301 

Blade sharpening. 341-342, 346, 350, 353, 
356 

Blenders. 196-197; kwh consumed, 131 
Boiler, 298, 316, 322; combination gauge 
on, 318; in hot-water system, 317; life 
span of, 17; in steam-heat system, 322; 
valves of, 317, 318 

Bonnet of tub and shower faucet, 94; 
measurement of, to determine size of 
socket wrench, 94 
Broiler-rotisseries, 232, 242, 243 
B.T.U.s (British thermal units): heat- 
removing capacity measured in, 329; 
heating capacity measured in, 297 
Bulbs: early, 14-15; long-life vs. regular, 
157; three-way, 155. See also 
Fluorescent tubes 

Buzzer, 176; transformer for, 176, 177, 179, 
troubleshooting, 179; wiring of, 176- 
177. See a/so Doorbells and chimes 

C 

Cable, electrical, 138-139; armored, 139, 
144; four-wire, 130; house cable, sizes, 
138; nonmetallic sheathed, 139; in 120- 
volt circuits, 129-130; in 240-volt 


circuits, 130; wires in, 129-130, 138, 

139; working with, 140-141. See also 
Conduit, electrical; Cords, electrical; 
Wire, working with 
Can openers, 204-205 
Capacitors, 170; firing capacitor, 171; 

interference capacitor, 171 
Carbon brushes. 188, 190, 191, 195 
Cartridge faucets: ceramic-disc type, 78; 

sleeve type, 79, 95 
Cartridge fuses, 136, 142, 148 
Cartridge in water filter, 56 
Cartridges for single-lever faucets, 42, 78, 
79, 95 

Carving knife. See Electric knife 
Caulking, silicone, 31 
Cement: roofing, 54; solvent (for plastic 
plumbing pipe), 51, 64, 65 
Chain saws, 354-357; with electric motor, 
354, 355; with gasoline engine, 354; 
replacing or sharpening chain, 342, 356, 
357. See a/so Outdoor equipment 
Chandelier, installation of, 156, 157 
Chemical/s); in city water-supply system, 
36; plumbing problems arising from, 38 
Chemical drain cleaners, 91 
Chimes, 178-179; solenoid of, 178; 

troubleshooting, 179. See also Doorbells 
and chimes 

Chimney and flues of heating system, 

299 

Chlorine: added to well water, 105; in city 
water-supply system, 36; removal of 
taste and smell of, 56 
Chrome-plated surface, protection of, 43, 
48-49 

Circuit(s). electrical. See Electrical 
circuits 

Circuit breaker(s), 130, 146, 148; how it 
works, 149; open, cause of, 148 
Circuit-breaker panel, 149. See a/so 
Service panel, electrical 
Circulator of hot-water heating system. 
316; coupler of, and its replacement, 
320-321 

Cleanout fittings in drain systems, 40, 52- 
53, 55, 90-91 

Clevis and clevis screw, 88, 89 

Clock thermostat, 301 

Clocks, electric, 216; kwh consumed, 131; 

problems. 216. See also Timer 
Clogged drains, 38, 90; causes, 38. 90. See 
also Unclogging drains 
Clothes drier(s), 272-277; burner of gas 
drier, 272, 274; drying cycle, and its 
control, 272, 273; electrical circuit for, 
146; heating element, 272, 274-275. 277; 
kwh consumed, 131; receptacle for, 172; 
timer of, and how it works, 272, 273; 
troubleshooting, 277 
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Clothes washers, 266-271; early. 14-15; 
kwh consumed, 131; three ways of 
disposing of water, 270; 
troubleshooting, 271 
Coffee makers, 236, 244-247; rules for 
consistent brew. 244; thermostat of, 236, 
245, 246; troubleshooting, 247 
Compression fittings; for flexible copper 
tuhing, 59, 80. 81, 82, 83; for plastic 
pipe. 59, 80, 82; for thin-walled conduit, 
139 

Compressor, 256, 257; in air conditioner, 
330, 332, 335; in refrigeratoi^freezer, 

282, 283, 284, 287 

Conduit, electrical. 139; types of, 139; 

where used, 139; working with, 139 
Connectors, electrical, 152-153; clamp, on 
three-terminal connector, 153; snap-on 
type, 153; three-terminal. 153; two- 
terminal. 152, 153; wiring of. 152-153 
Consumer complaints, help with, 20-22, 

23 

Continuity tester (or test), 137, 183, 186 
Convectors, 316: purging air from, 319 
Cooking ranges. See Ranges, cooking 
Cooling systems, 326-328; development of, 
327-328; heat pump, 329. See also Air 
conditioners: Ventilating fans 
Copper shades, 192, 193 
Copper tuhing, 40, 42. 80; attached to 
threaded pipe, 80, 81, 82, 83: hending 
flexihle tuhe. 58, 80, 81; compression 
fitting for, 59, 80, 81, 82, 83; cutting 
tuhe, 58; flare fitting for, 40, 59, 80; 
flexihle, 58. 59, 60; kit for working on. 
51; reaming out tuhe, 58; rigid, 58, 60; 
soldering, 60-61. See also Galvanized 
piping; Pipe, working with; Threaded 
pipe 

Cord(s), electrical, 138; hroken, 14; 
continuity testing of, 186; ground wire 
in. 138; heater cord for irons and 
toasters, 138; heav^duty, for power 
tools and outdoor equipment, 138, 342- 
343; how to crimp connection, 187; 
insulation on heavy-duty cords, 138; 
lamp cord, 138; protective sleeve for, 
186, 249; repair or replacement of 
appliance cords, 186-187, 233, 249; 
working with, 140-141. See also Cahle, 
electrical; Conduit, electrical; Extension 
cords; Lamp cord; Wire, working with 
Cordless appliances: carving knife, 206, 
207; convenience of, 209; disadvantage 
of, 209; grass clippers, 353; recharging 
frequency. 209; toothhrush, 209, 231. 
See also Batteries; Battery recharger 
Crimping nuts and tool, 137, 140, 187, 239; 

use of, 187. See also Splicing sleeve 
Current, electric, 125; alternating (AC), 
126; direct (DC), 126; household, 128- 
129,146-149. See also Alternating 
current; Electrical circuits, household 

D 

Delayed-action toggle switch. 164: parts, 
164, 165 

Dental irrigator, 231 


Dimmer switches, 124. 164, 170-171; 
cautions in use of, 170; high-low switch. 
170; triac full-range dimmer, 170, 171 
Diodes, 170; how they work, 170 
Direct current (DC). 126 
Disassembling plumhing units. 43-44, 46 
Dishwasher, 278-281; kwh consumed, 131; 

troubleshooting, 281 
Disposal systems. See Sewage-disposal 
systems 

Diverter valve: cleaning or replacement of, 
84; with faucet spray attachment. 84-85; 
tub-shower, 69, 92-93. See also Tub- 
spout diverter 

Doorhells and chimes, 176-179; repairs 
and replacements. 179; transformers for, 
176, 177, 178, 179; troubleshooting. 179; 
wiring of. 176-177, 178. See also Buzzer; 
Chimes 

Drain(s), 40, 52-53; clogged. 38. 90-91; 
drain hranch, clearing of, 91; house 
drain, 52-53. 90. 119; kitchen-sink 
strainer for, 86-87; maintenance of 
atmospheric pressure in, 52; for 
plumhing fixtures, 52-53, 86-93; pop-up 
hathtuh drain, 93; pop-up lavatory drain, 
88-89, 90; tools for w T ork on, 50-51; trip- 
lever drain, 93. See also Sewmge- 
disposal systems 

Drain(s), wmrking on: installation of sink 
strainer, 86-87; lavatory pop-up drain, 
88-89. See also Unclogging drains 
Drain systems, 52-53; cleanout fittings in, 
40, 52-53, 90-91; soil stack in. 52-53; 
stacks in, 38, 40, 52-53; traps in, 37; 
vents in, 38, 40. See also Sewrnge- 
disposal systems; Traps; Vents 
Drain tee, 89 

Drain and trap auger, 50; prohlems w T ith, in 
turn angles of trap, 93; use of. 91, 93. See 
also Unclogging drains 
Drainage field, 37. 104, 107, 118-119, 120; 
seepage pit, as substitute for, 119; setup 
for, 118-119. See also Septic tank 
Drainage trenches, 118-119 
Driers. See Clothes driers; Hair driers 
Drill, powder. See Powder drill 
Drive mechanisms, 189 

E 

Effluent, 107, 118, 120; neutralization of 
impurities of, 107,118 
Elbow fitting: attachment of, to copper 
tuhe. 60-61; for plumhing tubing, 52-53, 
60-61, 62; for rigid conduit, 139 
Electric hasehoard heaters. 324-325; 
thermal cutout, and repairs to, 324; 
troubleshooting, 325 

Electric hill, computation of, 131, 150, 151 
Electric fixtures. See Light fixtures; 
Outlets; Switches 

Electric knife, 206-207; hattery-pow T ered 
type, 206, 207 

Electric meters, 146, 150-151; cyclometer- 
type, 150; pointeMype, 150, 151; 
readings from, 151 

Electrical appliances: electric circuits for. 
146; extension cords for, 127; kwh 


consumption by. 131; voltage adjusters 
used hy travelers with, 128. See also 
Doorhells and chimes; Extension cords; 
Fluorescent fixtures; Lamps; Large 
appliances; Light fixtures; Receptacles: 
Small appliances; Switches 

Electrical circuits, household, 129-130, 

132, 146-147; boxes serving as mounts 
for light fixtures, switches, etc., 132; 
cahle for 120-volt circuit. 129-130; cable 
for 240-volt circuit, 130; floor plan for, 
146-147; labeling of, on service panel, 
135; numher of, in w T ell-equipped home. 
129, 146; number of outlets on one 
circuit, 129, 146; 120-volt, 129, 130. 146; 
overloading, 135, 148. 149; plugs and 
receptacles for 240-volt circuits, 130; 
safety devices, 130, 148-149, 173; short 
circuit, 130. 135, 148; 240-volt. 130. 146; 
types of. for various lights and 
appliances, 146. See also Circuit 
hreakers; Fuses; Ground-fault circuit 
interrupter (GFCI); Sendee panel, 
electrical 

Electrical tape, 141 

Electrical tool kit: electrical solder, 136, 
141; electrical tape, 137; fuse puller, 

136, 142; jumper wares, 136; pliers. 137; 
soldering iron. 136; voltage tester. 

137, 142, 143, 145, 262; wire caps, 137, 
140, 142; wire stripper and crimper, 

137,140, 187. See also Continuity tester; 
Tools 

Electrician, licensed, 132, 135 

Electricity. 122-179; current, 125; 
household distribution of, 128-130, 132, 
146-149; kilowmtt-hours, 126. 131. 150, 
151; long-distance transmission of, 127- 
128; magnetism and, 126-127; 
measurement of. 125-126; pow r er lines, 
146; sendee entrance, 138, 146; service 
panel, household. 128-129, 146, 148- 
149; tools for working with, 136-137: 
transmission of powder from generator to 
the home. 124-125,128, 146; watts, 125- 
126; w y orldwdde variations in volts and 
cycles, 128. See also Amperage; Current, 
electric: Electrical circuits, household; 
Transformers; Voltage; Wires 

Electricity, wnrking wdth, 134-179; 
grounding, 129-130, 144-145: 
installation of wmll and ceiling fixtures, 
156-157; lamp repairs, 154-155; National 
Electrical Code, 132-133; need for 
licensed electrician. 132; no deviations 
from standard procedures. 132; 
repairing doorbells and chimes, 179; 
repairing fluorescent fixtures, 163; 
replacing swdtches, 166-167; safety 
rules, 142; safety tests. 142, 143; shock 
and its prevention, 142; splicing 
techniques, 140-141; spotting wdring 
errors, 134-135: standardization of 
parts. 124; tools for. 136-137; turning 
off current before working, 132, 142, 
143; using quality components. 133; 
wiring, kinds of, 138-139; wiring 
an extension cord, 127,152-153; 
wiring receptacles, 172-173; wiring 
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three-way switches, 169. See also 
Electrical tools; Lamps; Splicing; Wire, 
working with; Wires 

Electrons, 125, 127 

Elements, heating. See Heating elements 

Emergencies, ‘’hot-line" numbers for, 16- 
17 

Engines, gasoline. See Gasoline engines 

Epoxy cement, 31, 50; as temporary seal 
for leaks in pipes. 66 

Escutcheon cap on faucet handles, 46. 72, 
76 

Exhaust fans. 338; cleaning of. 338. See 
also Range hoods 

Expansion tank, 318; draining of. 318, 
recharged with air, 318 

Extension cords, 152-153, 174; heavy-duty 
three-channel, 152, 153; light-duty two- 
channel, 152; long, and voltage loss. 

127; making of, 127, 152-153; selection 
of, for electrical appliances, 127; wire 
for, 127, 152, 153. See also Surface 
wiring 

F 

Fans, ventilating. See Ventilating fans 

Faucet(s); cartridge faucets, 78-79, 95; 
draining faucet, 52-53, 67; drips and 
leaks in, 46, 70, 72, 74-75, 76, 94, 
kitchen. 70-80, 84-85; lavatory. 82-83; 
single-lever, 76-79; stem faucets, 70-75; 
tools for work on, 48-49; tub-shower 
faucets, 94-95; water spurting from, 
cause and solution to, 117. See also 
Faucets, working on; Leaking faucets; 
Single-lever faucets; Spout faucet; Stem 
faucets 

Faucet(s), working on, 12; attaching new 
faucet lines to shutoff valves. 81, 83; 
bathtub and shower faucets, 94-95; 
changing O-rings, 75, 76, 84, 94; 
cleaning or replacing diverter valve, 84; 
cleaning or replacing spray-attachment 
parts, 84-85; cleaning spout aerator, 84- 
85; disassembling unit, 43-44, 46, 72-73; 
prepackaged repair kits for, 76, 77; 
removal of handle, 72-73, 77, 82; 
removing old faucets, 80. 82; removing 
stem assembly, 72, 95; replacing 
lavatory faucet, 82-83; replacing stem 
faucets with single-lever faucet, 80-81; 
replacing top-hat diaphragm. 73; use of 
adapter with threaded pipe, 80, 81. See 
also Faucet seats; Single-lever faucets; 
Stem faucets 

Faucet seats. 70, 71. 73, 95; determining 
condition of, 74; dressing the seat, 46, 
49, 74; replacement of, 74, 76, 77, 94, 95; 
tools for repairing or replacing, 49. 74; 
worn. 74 

Faucet stem(s): assemblies of different 
types of, 73; changing O-rings. 75; leaks 
around top of, 70, 75; materials to 
prevent leaks at, 49; removal of 
assembly, 72, 95; repacking of, 75. See 
also Faucet stem, standard; Reverse- 
pressure faucet stem; Stem faucets; Top- 
hat faucet stem 


Faucet stem, standard, 71; assembly of, 73; 
replacing washers of, 72-73. See also 
Faucet stems; Stem faucets 
Faucet supply lines, 81, 83 
Faucet washers, 46, 49, 70, 71; of hard 
rubber (flat or beveled), 49; need for 
perfect fit of, 73; reinforced with fiber 
(flat), 49; replacement of, 72-73, 94, 95; 
trade-size numbers and corresponding 
diameters of, 49. See also Washers 
Files: flat, 28. 342; round, with guide, 342, 
356 

Filters, water. See Water filters 
Flange, 89 

Flare fittings, 40, 80; steps in. 59 
Flaring tool, 48, 50, 51, 59; use of. 59 
Flues of heating system. 299 
Fluorescent-light fixtures, 158-163; ballast 
of, 159; circline, 158, 162-163; 
components of, in metal box, 160; 
grounding of, 160, 162, 163; instant- 
starting, 161; lampholders of, 160, 161, 
163: rapid-starting, 160, 161; starter- 
equipped, 159, 160, 163. See also 
Ballast; Fluorescent tubes 
Fluorescent-light fixtures, working on, 

163; checking and replacing ballast, 163; 
conversion of preheat fixture to newer 
system, 160: installation of new fixture, 
160; proper installation of circline tube, 
163; replacing starter, 160, 163; 
replacing tube, 161. 163; rewiring of, 
163; troubleshooting. 163 
Fluorescent starter, 159, 160; glow switch 
of, 159; life span of, 160; removal and 
replacement of. 160, 163 
Fluorescent tubes, 158, 160; circline, 158, 
162-163; double-pinned, 160, 161; 
replacement of, 161, 163; safe disposal 
of, 158; single-pinned, 161; structure 
and contents of, 158; U-shaped, 158; 
why it glows, 158 

Flush valves. See Pressure flush valves 
Flux, noncorrosive, 51. 60-61 
Flux powder, electrical, 239 
Flywheel puller, 346. 347 
Food mixer(s), 198-201; attachments, 199; 
kwh consumed, 131; pedestal-type, 198- 
199; portable-type, 200; troubleshooting, 
201. See also Blenders; Food-mixer 
gears 

Food-mixer gears: "fail-safe" protection of, 
183, 201; getting at beater gears, 200; 
installation of, 201; what they do, 200 
Food processors, 202-203 
Forced-warm-air blower, 314-315; 
adjustments to. 314, 338; 
troubleshooting, 315 
Forced-warm-air systems, 298, 299, 310- 
315; central air conditioning with, 338; 
controlling room temperatures, 312; fan- 
and-limit control on furnace, 312; how 
furnace works, 311; humidifier in. 310, 
311; summer cooling with, 310, 313; 
troubleshooting, 313 
Frozen pipes, 66; prevention of. 67; 
thawing of. 66 

Furnace, forced-air, 298; central air 
conditioner combined with, 338; fan- 


and-limit control on, 312; parts, 311 
Fuse(s), 130, 146, 148; blown, causes of, 
14, 148; cartridge-type, 136, 142, 148; 
plug-type, 148; replacing, 142, 148; S- 
type, 148; telltale face of, 148; time- 
delay type, 148 

Fuse panel, 148; old-style, 148; switches 
on, 148. See also Service panel, 
electrical 

Fuse puller, 136, 142 

G 

Galvanized piping, use of, vs. copper. 39 
Garbage disposer, 210-213; kwh 

consumed, 131; and septic tank, 210; 
troubleshooting, 213 
Gas, in septic tank, 118, 120 
Gas burner, 308-309; parts, 308, 309; 

troubleshooting, 309; working on, 309 
Gaskets: adhesive-coated rubber, 87; 

rubber, 81; strainer-plug gasket, 76 
Gasoline engines, 344-345; carbon 
cleaning, 357; electric system of, 346- 
347; four-stroke, 343, 344-345; rust 
protection, 343; springtime preparation, 
343; tu'o-stroke, 343; winter storage of, 
343. See also Chain saws; Lawn mowers; 
Outdoor equipment; Spark plug 
Gear grease, silicone, 201 
Gears, 181, 183, 189; drive, 230, 231; 
driven, 230, 231; reduction, 181, 

202, 203, 204, 216; worm gear, 198- 
201, 206 

Globe valves, angle-type, 55 
Grass clippers, 353; parts, 353; 

rechargeable battery, 353; sharpening 
blades of, 342, 353. See also Outdoor 
equipment 

Ground-fault circuit interrupter (GFCI), 
145, 343; how to install, 173 
Ground wire, 142, 143, 144-145; in cords 
and cables, 138, 139; for fluorescent 
fixtures, 160, 161, 162, 163; missing or 
not connected, 134; in receptacles, 145, 
172, 173; for switches, 166, 167; for 
three-way switches, 169; for wall and 
ceiling fixtures, 156, 157 
Grounded receptacles, three-slot, 172 
Grounding, 142, 144-145; adapter for 
receptacles, 172, 173; ground-fault 
circuit interrupter (GFCI), 145, 173; 
history of, 144-145; installation of, 129; 
insulation of power tools, 32, 144; for 
outdoor equipment, 343; purpose of. 
129-130; recommended improvement 
for, 145; tests for, 143, 145; three-prong 
plugs for, 144, 172, 173 
Groundwater, 105 

H 

Hacksaw, 29, 63 

Hair driers. 250-253; finding hidden 
fastenings. 185; kw r h consumed, 131; 
troubleshooting, 253 

Hair styler. 252; finding hidden fastenings, 
184; troubleshooting, 253 
Hammers, 25, 26, 27 
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Hard water. See Water, hard 
Hartford loop, 322 
Heat pump, 329 

Heater cord. 138: insulation in, 138 
Heating controls. See Thermostats 
Heating elements of large appliances, 257; 
clothes drier, 272, 274, 275, 277; 
dishwasher, 278, 279; electric range, 
291; water heater, 262, 264-265 
Heating elements of small appliances: flat- 
wire type, 232, 235, 240; insulators for, 
234, 235; removal of, 238; repairs to. 
238-239; replacement of, 233; resistance 
wire used in, 232, 234; sheathed-coil 
type, 232, 235, 239; simple heating-coil 
type, 234, 238; soldering of, 239; 
splicing of, 239; thermostats for, 236- 
237; tracing prohlems in, 233; use of 
continuity tester on, 233. See also Small 
appliances with heating elements; 
Thermostats 

Heating plant: determining capacity of. 

297; efficient, 297-298 
Heating systems, 296-325, 329; capacity of, 
in B.T.U.s. 297; central heat, 298-299; 
checking of, before calling sendee 
technician, 303; direct heat, 298; heat 
distributors of, 298; heat exchangers of, 
298; heat producers of, 298; improving 
efficiency of, 299. See also Boiler; 
Electric basehoard heaters; Forced- 
warm-air system; Furnace; Gas burner; 
Heat pump; Hot-water heating system; 
Oil hurners; Steam heating systems: 
Thermostats for heating systems 
Heating tape, electric, 66 
Hedge trimmer, 352. See also Outdoor 
equipment 
Hickey. 156, 157 

High-low switch, 170; diode of, 170; parts, 
170. See also Dimmer switches 
“Hot-line" nurahers for emergency repairs, 
16-17 

Hot plate. 238 

Hot-water heater. See Water heaters 
Hot-water heating systems, 298, 299, 316- 
321; circulator of. and its prohlems, 316, 
320-321; convectors of, 316, 319: 
expansion tank of, 318; how hoiler 
works, 317; how water circulates, 316; 
troubleshooting. 319 
Hot wires. See Wire, color coding of 
House drain, 52-53: unclogging of, 90; 
vent for, 119 

House trap. 52-53, 55; fresh-air inlet with, 
52-53, 54 

Housing, appliance: finding hidden 
retaining screws, 184-185; removal of, 
184-185 

Humidifier(s), 214-215; in central heating 
system, 214, 310, 311; kwh consumed, 
131; moving-pad type, 215; stationary^ 
pad type, 214 

I 

Insulating seal of silent mercury switch, 
165 

Insulating sleeve of lamp socket, 154,155 


Insulating tape, 66 

Insulation; in heater cord, 138: inside of 
toilet tank, 96; stripping of. from wire, 
140, 141 

Insulators for heating elements, 234, 235, 
275 

Iron, excessive amounts of, in water, 105 
Irons: heater cord for, 138; kwh consumed, 
131. See also Steam and spray irons 

J 

Jet pumps, 107,112-113; for deep wells, 
112-113; loss of prime in, 117; parts, 
112-113; prohlems and solutions, 117; 
repriming, 117; for shallow wells, 113 
Joint-sealing tape, plastic, 51, 62, 63 
Jolting, to separate pipe connections, 47 
Jumper wires, 136 
Junction box, 140, 177 

K 

Kilowatt-hours (kwh), 126, 150, 151; 
annual consumption of, hy type of 
electrical appliance, 131. See also Watts 
Kitchen, wire for heavy use in, 138. See 
also Dishwasher; Range, cooking; Small 
appliances 

Kitchen faucets, 70-81: spray attachments 
of, and diverter valve used with, 84-85. 
See also Faucet(s); Faucet(s), working on 
Kitchen sinks: availahle today, 68-69; 
enameled. 68-69; garhage disposers for, 
210-213; installation of water filter on 
pipe to, 56; stainless steel, 68-69; 
strainer for, 86-87. See also Kitchen 
faucets 

Knife, electric. See Electric Knife 

L 

Lamp(s); determining trouhle with, 154; 
extension cords for, 152; remote control 
of, 173; replacing one-way socket with 
three-way type, 154; replacing socket of, 
155: rewiring of, 154. See also Lamp 
socket 

Lamp cord, 138; National Electrical Code 
prohibition of splice in. 141; Western 
Union splice for, 141 
Lamp socket, 154; parts, 154, 155; 
replacement of, 154, 155; terminals of, 
154, 155; three-way type. 155 
Large appliances, 254-295; detecting cause 
of hreakdown, 256-257; operating cycle 
of, 256. See also specific appliances, 
e.g.. Clothes driers; Clothes washers 
Lavatories, 69; availahle todays 69; fittings 
for, 69 

Lavatory drain, pop-up, 88-89; parts, 88-89 
Lavatory drain, unclogging of, 90-91 
Lavatory drain, working on: adjustments 
to close plug tightly, 88. 89; 
disassembling drain, 89; removing pop¬ 
up plugs. 88, 89; replacing gaskets and 
washers, 89; unclogging of, 90 
Lavatory^ faucets, working on, 82-83; 
installing new faucet, 83; removing old 


faucet, 82. See also Faucet(s), working 
on 

Lavatory supply line, 83 
Lawn mowers, 344-351; hlade sharpening, 
342, 346, 350; engine of, 344-345; life 
span of. 17: maintenance, 346, 348-351; 
safety shutoff, 346; troubleshooting, 350. 
See also Gasoline engines; Lawn 
mowers, working on; Outdoor 
equipment; Spark plug 
Lawn mowers, working on: adjusting 
carburetor. 348; adjusting choke, 

348; halancing blade, 350; checking 
spark-plug condition, 349; feeler-gauges 
for, 346, 347, 349; removing flywheel, 
347: replacing starter rope, 351; 
setting spark-plug gap. 347, 348; 
sharpening hlade, 350; troubleshooting, 
350 

Leaking faucets, 46, 70, 72, 74-75, 76, 

94 

Leaking faucets, repair of, 46; single- 
lever faucets, 76-79; stem faucets, 70, 72- 
75; tub-shower faucets, 94-95. See also 
Faucet(s), working on 
Leaking pipes: repair of, 63; temporary' 
seals for, 50, 66 

Leaking toilet, 96, 98; at pressure- 
valve handle, 103. See also Toilet 
problems 

Life span of appliances, 17 
Light fixtures: canopy used with, 156. 157; 
fluorescent fixtures, 158-163; ground 
wire of, 156, 157; independent, in 
combination circuit, 167; parts used for 
installation of chandelier, 156-157; 
replacement of, 156-157; straps used 
with, 156, 157; switch-controlled, in 
combination circuit, 167; terminals of, 
156; wiring for, 156, 157 
Light fixtures, installation of, 156-157; 
parts used in, 156, 157; strap-mounted 
fixture, 156; stud-mounted fixture, 156, 
157; tab-mounted fixture, 156; wall- 
mounted fixture, 157. See aiso 
Fluorescent-light fixtures, working 
on 

Lightning-arrester ground rod, 110 
Locknut, 72; removal of, 47, 72, 82, 87; 

ridged, 86, 87; without ridges, 87 
Lubricants. 31. See also Oil 
Luhrication of motors, 189, 194 

M 

Major appliance(s). See Large appliances 
Major Appliance Consumer Action Panel 
(MACAP). 19, 21-22 
Manual, owner’s, 13, 14, 16, 17 
Mercury': action of, in mercury' switch, 
165; in fluorescent tuhes, 158 
Mercury switch, 164, 165; life span of, 

17 

Metal-to-plastic adapter for working 
with pipe, 65 

Meters. See Electric meter; Water 
meter 

Microwave ovens, 294-295; kwh 
consumed, 131 
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Minerals in water, filtering of, 105. See 
also Water filters; Water softeners 
Mixers, food. See Blenders; Food mixers 
Mixing valve, 69, 267 
Motor(s), 256; care and maintenance of, 
189. 194; drive mechanisms of. 189; 
early, 188; lubrication of, 189, 194; 
small, troubleshooting, 195. See 
also Shaded-pole motors; Universal 
motors 

Motor bearings, 194, 195; clip-held, 194; 
lubrication of, 194; self-aligning, 194; 
straight, 194; tightening of, 194 
Motor shaft, 194 

N 

National Electrical Code. 132-133, 141 
Nipples; used for heavy chandeliers, 156. 

157; used in plumbing, 81, 82, 83 
Nut(s); compression. 59; coupling, 80; 
hex nut, 84-85; mounting nut, 81; 
packing nut, 71, 72, 75; slip nut, 

47. 89; spout nut, 84; stem nut, 73; 
wing nut, 59. See also Crimping nuts; 
Locknuts 

O 

Oil: penetrating, 31, 44, 47, 72; sewing- 
machine, 31 

Oil burners, 304-307; annual professional 
inspection, 306, 307; checklist before 
calling service technician, 305; 
maintenance checklist, 307 
O-rings, 35. 49; changing rings. 75, 84, 94; 

keeping small stock of, 75; worn, 75 
Outdoor equipment, 340-357; blade 

sharpening, 341-342, 346, 350, 353, 356; 
engine or motor maintenance, 342; 
power cords and their problems, 138, 
342-343; electrical receptacles around 
yard for, 342; springtime preparation, 
343; winter storage, 343. See also Chain 
saws; Gasoline engines; Grass clippers; 
Hedge trimmers; Lawn mowers 
Outlets, number of, on one circuit. 129, 
146. See also Receptacles 
Ovens. See Microwave ovens; Ranges, 
cooking; Self-cleaning ovens 
Owner’s manual, 13, 14, 16, 17 

P 

P trap, 55; where used, 55 

Packing, self-forming, 49, 75 

Packing nuts, 71, 72, 75; chrome-plated, 

72 

Packing a stem faucet, 75, 94 
Packing a steam-radiator inlet valve. 

232 

Packing washers, 49, 70, 71; replacement 
of, 75 

Percolators. See Coffee makers 
Perforated pipes of drainage-field system, 
37, 107, 118-119 

Pipe(s): ancient, 41; branch runs, 38-39; 
determining type of material used in, 

40; inlet and outlet pipes of septic 


tank, 118-121; kit for working on, 51; 
leaking, 50, 63, 66; perforated, of 
drainage-field system, 37, 107, 118- 
119; rigid, of steel or brass, 58; riser 
pipes. 39, 52-53; service (or main 
waterline), 38, 52-53; threaded, 62-63; 
tools for working with, 48-51; types of, 
in homes, 58. See also Copper tubing; 
Pipe problems; Plastic piping; Threaded 
pipe 

Pipe, working with, 58-67; draining 
plumbing system, 67; insert-and-clamp 
fitting for PE flexible plastic pipe. 65; 
joining CPVC rigid plastic to threaded 
metal, 65; joining plastic fitting to 
plastic pipe, 64, 65: metal-to-plastic 
adapter for, 65; patching a leak, 50, 66; 
plastic pipe, 59, 64-65, 80, 81; plumbing 
codes and, 39; removing broken-off pipe 
from inside of fitting, 47; self-sealing 
joints of compression and flare fittings, 
58, 59; separating rusted connections, 
47; shutting off water, 42; thawing 
frozen pipe, 66; threaded pipe, 62-63; 
tools for, 48-51. See also Copper tubing; 
Plastic piping; Threaded pipe 
Pipe clamp, rubber-lined, 50, 66 
Pipe extractor, 47 

Pipe-joint compound, 51, 62, 63, 74, 83; 

wicking used with, 51, 62, 63 
Pipe problems, 66-67; freezing. 66; 
leaks, 50, 63, 66; water hammer, 38, 

66, 67 

Pipe wrenches, 43, 48-49, proper use of, on 
threaded pipe, 47, 62-63; use of, when 
jolting. 47 

Piston pumps, reciprocating, 107, 114- 
115; double-acting piston for shallow 
wells, 114, 115; repriming, 117; single- 
acting piston for deep w'ells, 114, 

115 

Plastic-link surface wiring, 174; 
installation of, 174 

Plastic piping, 42; advantages of, 42, 64; 
building codes and, 42; CPVC, 64, 65; 
flexible, 64, 65; guide to use of, 65; 
insert-and-clamp, 65; joining CPVC 
rigid plastic to threaded metal, 65; PE, 
65; POLY, 65; PVC, 65; rigid, 58. 64-65; 
solvent cements for joining, 64, 65; use, 
and joining method, for four types of, 65 
Pliers: locking-grip type, 26, 47, 99; 

multiple-joint type, 26; needle-nose, 74, 
137, 140; proper use of, 25; slip-joint 
type, 26; widemouthed, 76 
Plugs: access, of check valves, 55; 

cleanout, 40. 55, 90-91 
Plugs, electrical: adjustment of, 186; 
attaching wires to terminals of, 152; 
clamp on three-terminal plug, 153; 
installation of snap-on type, 153; loose, 
14, male and female, replacement of, 
187; replacement of, 152, 153, 154; 
three-prong grounded, 144, 172, 173; 
three-terminal, 153; for 240-volt circuits, 
130; two-terminal, 152, 153; 
Underwriters’ knot in, 152; wiring of, 
152-153; worldwide variations in, 128. 
See also Receptacles 


Plumber, master, 43 
Plumber’s putty, 81, 83. 86, 87 
Plumbing, 34-121 

Plumbing codes, 36; variations in, 39 
Plumbing fixtures: replacement of 

outmoded fixtures, 68-69; shopping for, 
68-69 

Plumbing maintenance, 46-47; problems 
of, 46-47: professional tricks of trade, 

47 

Plumbing materials, 40, 42; copper, 40, 42; 
determining type of piping material 
used, 40: electrochemical reactions of, 
40; insulating fittings at connections 
between copper and steel, 40, 42; plastic 
piping, 42, 64-65; selection of, 40 
Plumbing parts: elbow fitting, 60-61; 
insert-and-clamp fitting for flexible 
plastic pipe, 65; keeping small stock of, 
42; metal-to-plastic adapter for pipes, 

65; shopping for, 44-45; union coupling, 
62-63. See also Elbow fitting; Plumbing 
tool kit 

Plumbing problems. 46-47; action of 
chemicals upon metals, 38; back- 
siphonage, 45; clogged drains, 38, 90; 
drips and leaks in faucets, 46, 70, 72, 74- 
75, 76, 94; low pressure caused by 
spouts and spray attachments, 84; water 
pressure and, 38. See also Pipe 
problems; Toilet problems 
Plumbing repairs: basics of, 42-45; and 
plumbing codes, 36, 39; tools for, 48-51. 
See also Drains, working on; Faucets, 
working on; Pipe, working on; Plumbing 
tool kit; Toilets, working on 
Plumbing system, household: air 

chambers, 52-53, 66, 67; branch runs of 
pipe, 38-39; components of, 37-40; 
diagram of, 38, 52-53; draining of, 67; 
four separate but interrelated systems of, 
52-53; fresh-air inlet, 52-53, 54; hot- and 
cold-water lines, 38-39, 52-53; house 
sewer line, 52-53; right-angle elbows in, 
52-53; riser pipes. 39, 52-53; service pipe 
(or main water line), 38, 52-53, 56; 

’’tees” in, 52-53, 89; water meters, 38, 
52-53, 54. See also Drains; Elbow 
fitting; Sewage disposal; Sewage- 
disposal systems; Shutoff valves; Stacks; 
Traps; Valves; Vents 
Plumbing system, independent, 104-121. 
See also Pressure tanks; Septic tank: 
Water pumps; Water supply, 
independent; Wells 
Plumbing tool kit, 42, 48-51; renting 
expensive tools for, 42, 48-49, 50-51; 
shopping for, 44-45. See also Plumbing 
parts 

Plunger, rubber, 50, 90, 101 
Pop-up drains, 88-89, 90, 93 
Power drill, 32-33; accessories, 33; adapter 
pad, 33; problems, 33; reversible 
variable-speed type, 32 
Power lines, 146; drip loops for, 146 
Power tools, heavy-duty three-channel 
extension cords for, 138, 152, 153 
Power transmission, 124-125 
Pressure, atmospheric, in drains, 52 
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Pressure, water. See Water pressure 
Pressure flush valves, 102-103; 

diaphragm-type, 102, 103; piston-type, 
102, 103. See also Toilets with pressure 
flush valves 

Pressure switch connected to water pump, 
110, 111, 112, 113, 114, 115; parts, 111; 
tubing to, 113; water pressure and, 111; 
working on, 116-117 

Pressure tanks, 37. 106, 110, 111, 112, 113, 
114, 115; precharged, for prevention of 
waterlogging, 106, 107; repair or 
replacement of, 117; repressurizing, 116; 
troubleshooting, 117; watei^bag tank, 
106; waterlogging in, 106, 107; 
waterlogging remedy for, 116. See also 
Water supply, independent; 
Waterlogging 

Pressure-valve handle, 103; plunger unit 
of, 103; replacing parts of. 103 
Prime in water pumps: loss or inadequacy 
of, 117; repriming pump, 117 
Propane torch, 50, 51; flame spreader 
attached to, 66; proper use of, during 
soldering, 60-61; use of, to thaw frozen 
pipes, 66 

Pump(s), water. See Water pumps 
Pump house, diagram of, 112; electric 
heater for, 112 

Putty, plumber’s, 81, 83, 86, 87 
Putty knife, 30 

R 

Raceway surface wiring, 174. 175; 
connection of, to existing receptacle, 
175; description of, 175; installation of 
receptacles, 175 
Radiators, 316, 319, 322, 323 
Radios: kwh consumed, 131; light-duty 
extension cords for, 152 
Range hoods, 339 
Ranges, cooking, 288-293. See also 
Microwave ovens; Ranges, electric; 
Ranges, gas 

Ranges, electric, 291-293; electric circuit 
for, 146; infinite switch and how it 
works, 292; kwh consumed, 131; life 
span of, 17; 120 volts and 240 volts in 
cable for, 130; receptacle for, 172; 
troubleshooting, 293 
Ranges, gas, 288-290; gas leak in, 290; 

troubleshooting, 290 
Reamer on tube cutter, 51; use of, 58 
Receptacles. 172-175; extra, with surface 
wiring, 174-175; ground-fault circuit 
interrupter (GFCI), 173; grounding, 
types of, 145; grounding adapter for, 

172, 173; 120-volt type, 172; outdoor, for 
yard tools, 342; replacement of, 172-173; 
three-slot grounded type, 172, 173; for 
240-volt circuits, 130, 172; ungrounded, 
172. See also Outlets 

Receptacles, wiring of: at end of run, 172; 
in middle of run, 172; safety tests for, 
142, 143, 172; split-circuit wiring, 173 
Reciprocating piston pump. See Piston 
pumps 

Refrigerator (or refrigeratonfreezer), 282- 


287; early, 14-15; frost-free type, 282, 
285; kwh consumed, 131; life span of, 
17; self-defrosting, 282, 283. 284; 
troubleshooting, 287 

Repair-service technicians, 16-18, 20, 23; 
of authorized agency, 16; dealing fairly 
with, 18, 20, 23; of factory-service outlet, 
16; guides to finding, 16-17; ‘‘hot-line” 
numbers for emergencies, 16-17; need 
for, 16, 132, 274; owner’s understanding 
with, before work begins, 18, 23 
Repairs: basic, on small appliances, 184- 
187; determining cause of trouble, 183; 
finding hidden retaining screws, 43-44, 
46, 72, 184-185; how to remove 
appliance housing, 184-185; keeping 
papers for all appliances, 16; kicking a 
balky machine, 14, 16; methodical 
approach to. 13-14, 16, 23; precautions, 
182-183; repairing or replacing 
appliance cords, 186-187; savings on, 
182; service contracts for, 17-18, 257; 
troubleshooting checklist, 23; 
warranties and, 16, 19; what to do about 
faulty appliances and unsatisfactory 
service, 20-22. See also Repair-service 
technicians; Troubleshooting charts 
Resistance wire (nichrome): in appliance 
heating elements, 232, 234; in electric 
baseboard units, 298, 324-325 
Retaining screws of appliance housing, 
hidden, 184-185 

Reverse-pressure faucet stem, 71; 
assembly of, 73; replacing washers 
of, 72-73. See also Faucet stems; Stem 
faucets 

Rings; compression rings. 59; restriction 
rings, 103; snap ring, 85. See also O- 
rings 

Riser pipes, 39, 52-53; shutoff valves for, 
39, 52-53 

Roof fan, care of, 337 
Rubber plunger, 50, 90, 101 
Rust, protection against, 343 
Rusted pipe connections, separation 
of, 47 

S 

‘‘Sacrificial’’ anode, 258, 262 
Safety, electrical. 142-143; tests, 143 
Saws, 29; crosscut. 29; hacksaw, 29, 63; 
keyhole, 29 

Screw(s): finding hidden screws, 43-44, 

46, 72, 184-185; flathead, 31; handling 
washer screw with snapped-off head, 47; 
left-handed washer screw, 47; loosening 
tight screws, 47; metal, 31; setscrew, 72, 
77, 78; terminal, 140, 152,155; worn slot 
on, and correction of, 47 
Screwdrivers, 26; flat-blade type, 26; 

Phillips, 26; proper use of, 25 
Scum in septic tank, 107, 118, 120, 121; 

measuring level of. 107, 121 
Sealant, silicone, 247. See also Tube 
sealants 

Seat-dressing tool, 48, 49, 74 
Seat wrenches, 49, 74; right-angled, 

49. 74; straight or ‘‘pencil’’ tool 


type, 49, 74 
Seepage pit, 119 

Septic tank, 37, 104, 107, 118-121; annual 
inspection, 120, 121; cleaning, 37, 107, 
121; components of sewage in, 118, 120; 
garbage disposer and, 210; location 
marker, 120; measuring scum and 
sludge levels, 121; required capacity of, 
118, 119. See also Drainage field 
Service contracts, 17-18, 257, 336 
Service panel, electrical, 128-129, 146, 
148-149; fuses and circuit breakers in, 
130; labeling circuits on, 135; making 
connections at, 132; tracing problems 
from, 135. See a/so Circuit breakers; 
Fuses 

Service pipe (or main water line). 38, 52- 
53, 56 

Service technicians. See Repair-service 
technicians 

Sewage disposal: into main sewer lines, 

37; into septic tank, 37. See also Septic 
tank 

Sewage-disposal systems, 37-38, 107, 118- 
121; drainage-field system, 37, 118-119, 
120; the “head” in, 37; precautions to 
ensure maximum life for, 118; seepage 
pit, 119. See also Drain system; Drains; 
Septic tank 

Sewage in septic tank, components of, 118, 
120; effluent, 107, 118, 120; gas. 118, 
120; scum, 107, 118, 120; sludge, 107, 
118, 120, 121 
Sewer, house, 118, 119 
Sewing machines, 222-227; kwh 

consumed, 131; life span of, 17; needle- 
thread tension, and its adjustment, 226; 
troubleshooting, 227 
Shaded-pole motor, 189, 192-193; 
troubleshooting, 195; where used, 189, 
192. See a/so Motor(s) 

Shavers, electric, 228-229; curved-head 
type, 228; finding retaining screw, 185; 
flat-head type, 229; kwh consumed, 131; 
rotary-head type, 229 
Sheathed cable, 139 

Shocks, electrical, 142; prevention of, 142, 
145, 343 

Shopping for plumbing supplies, 44-45, 

76; identifying replacement parts, 45; 
renting expensive tools, 42, 48-49, 50- 
51. See a/so plumbing tool kit 
Short circuit, 130. 135. 148, 149; testing 
for, in heating element, 264 
Shower plumbing, parts of, 92-93, 94- 
95. See a/so Bathtub and shower 
plumbing 

Shutoff valves, 38, 52-53; attaching new 
faucet lines to, 81, 83; becoming familiar 
with plan of, 39-40; for branch runs and 
risers, 39, 52-53; care in use of, 39; for 
fixtures, 39, 52-53; gate valve used as, 
55; joining copper tube to, 59; joining 
plastic tube to, 59; main valve, 38. 

52-53, 67; use of, when making repairs, 
13, 14, 42 

Silicone: caulking, 31; gear grease, 201; 

sealant, 247; spray, 31 
Single-lever faucets, 35, 76-79; copper 
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tubing generally attached to, 80; four 
types of, 76-79; prepackaged repair kit 
for, 76. 77; replacement cartridges for, 
42, 78, 79, 95; replacing stem faucets 
with, 80-81. See also Ball faucet. 
Cartridge faucet, ceramic-disc type; 
Cartridge faucet, sleeve type; Tipping- 
valve faucet 

Single-pole toggle switch, 164 
Sink(s). See Kitchen sinks 
Sink strainer. 86-87; installation, 86-87; 
retainer for. 86; self-tightening type of, 
86-87; standard type of, 86-87 
Siphon break. 270 

Skillet; sheathed heating coils in, 235; 
thermostat for, 237 

Sludge in septic tank, 107, 118, 120, 121; 
limits for build-up of. 121; measuring 
level of. 107, 121 

Small appliances, 180-253; basic repairs, 
184-187; basic rules of care and safety, 
182; convenience of, 181-182; 
determining cause of trouble, 183; 
extension cords for. 152; "fail-safe” 
parts. 183, 189, 201; finding hidden 
retaining screws, 184-185; home-repair 
precautions, 182; home-repair savings, 
182; how to remove housing of, 184-185; 
repairing or replacing cords of, 186-187. 
See also Extension cords; Small 
appliances with heating elements; Small 
appliances with motors; 

Troubleshooting charts 
Small appliances with heating elements, 
232-253; broilei^rotisserie, 243; broiler 
skillet, 235; coffee makers. 236, 244-247; 
hair driers. 250-251, 253; hair stylers, 
252-253; hot plate, 238; skillets, 235. 

237; slow cooker, 239: steam and spray 
irons, 248-249; temperature controls for, 
236-237; toaster-oven, 242; toasters, 232, 
235, 240-241; tracing problem in, 233; 
waffle cooker, 234, 238. See also specific 
appliances: Heating elements of small 
appliances; Thermostats for small 
appliances 

Small appliances with motors. 188-231; 
blenders, 196-197; can openers, 204-205; 
clocks, 216; dental irrigators, 231; 
electric knife, 206-207; food mixers, 198- 
201; food processors, 202-203; garbage 
disposers, 210-213; humidifiers, 214- 
215; motors in, 188-189, 190-193; 
sewing machines, 222-227; shavers. 228- 
229; timers, 217; toothbrushes, 230; 
vacuum cleaners, 218-221. See also 
specific appliances; Motors 
"Snake,” or drain and trap auger. See 
Drain and trap auger 
Snaking a drain, 46, 91. See also 
Unclogging drains 
Snap-on plugs and connectors, 153 
Socket, lamp. See Lamp socket 
Socket wrench. 26. 27. 48-49. 94. 95; 

proper use of, 25 
Soil stack, 52-53 

Solder: electrical rosin-core, 136, 141, 
plumber’s acid-core, 51, 61, 136 
Soldered splices. 141 


Soldering copper tubing (sweating a joint). 
46, 58, 60-61. 124; oxidation prevention 
during, 60-61; plumber’s tools for, 51; 
proper use of propane torch, 60-61; steps 
in, 60-61; use of flux during, 60-61 
Soldering heating element with electrical 
flux powder, 239 
Soldering iron, 136, 141 
Solenoid(s), 178, 179; in chimes, 178, 179; 
in clothes washer, 267; in gas water 
heater, 258, 259; in toaster, 240, 241 
Solenoid safety valve, 259 
Spark plug: analyzing condition of, 349; 
gapping tool for, 349; how magneto fires 
plug, 347; setting the gap, 346, 347, 348; 
working on, 349 

Splicing, 140-141; heating element with 
splicing sleeve, 239; National Electrical 
Code ban of, on light cord, 141; not 
recommended for worn lamp cord, 141, 
154; pigtail splice, 140; soldered splices, 
141; solid-wire splice with wire caps, 
140; Western Union splice, 141 
Splicing sleeve, 239. See also Crimping 
nuts and tool 

Spout, faucet. 70. 71; aerators on, 69, 81, 
84-85; drips from, 70. 72, 74. 94: 
lavatory, removal of, 82; leaks around 
base of, 70, 84; low water pressure at. 
84-85 

Spray attachments of kitchen faucets, 84- 
85; diverter valve used with, 84-85; low 
water pressure at spray head, 85 
Squirrel-cage rotor, 193 
Stack(s) in drain systems, 38, 40, 52-53; 
soil stack, 52-53 

Stack vents, 40, 52-53; flashing at base of, 
54; proper installation of, 54 
Staple tacker, 29 

Steam heating systems,*298, 322-323; 
checking and adjusting water level. 322; 
plumbing in, 322; pressure 
measurement and control, 322; radiators 
in, 322, 323; troubleshooting, 323 
Steam and spray irons, 248-249; 

troubleshooting, 249. See also Irons 
Stem faucets, 35, 70-75, 94-95; changing 
O-rings, 75, 84. 94; dressing or replacing 
faucet seat, 74; drips and leaks. 70. 72, 
74-75, 94; removal of, for replacement 
with single-lever faucet, 80; removing 
stem assembly, 72, 95: repacking stem, 
75, 94; replacing washers. 46, 72-73, 94: 
stem assembly, 72, 73. 95; 
troubleshooting, 70. See also Faucet 
stems 

Strainer, sink. See Sink strainer 
Submersible pumps. 107, 110-111; 
lightning-arrester ground rod for, 110; 
parts, 110, 111; pump stages of. 110, 111 
Surface wiring, 174-175; installation of, 
174, 175; metal-raceway type, 174, 175; 
plastic-link type, 174; receptacles of, 
174, 175. See also Raceway surface 
wiring 

Sweating a joint. 46. 58. 60-61. 124. See 
also soldering copper tubing 
Switch! es), 164-171; back-wired, and 
replacement of, 166: in a combination 


circuit, 167; delayed-action toggle 
switch, 164-165; dimmer switches, 

124, 164, 170-171; glow switch of 
fluorescent starter, 159; mercury 
switch. 164, 165; mistakes in wiring, 
134-135; power source of, 167; safety 
test for wiring, 142; single-pole toggle 
switch, 164; three-way, 168-169. See 
also Dimmer switches; Three-way 
switches 
Switch loop, 167 

T 

Tailpiece, plumbing, 80, 82, 84. 85, 

89 

Tank ball of toilet, 96, 97; replaced by 
flapper, 100; working on, 96, 98 
Tank toilets. See Toilets with tanks 
Tape: electric heating, 66; electrical, for 
insulation. 141; insulating, 66 
"Tees" in plumbing system, 52-53, 89 
Television sets, 12; kwh consumed, 131 
Terminal!s): color coding of. 132, 168, 169; 
common terminals, 169, 277; ground 
terminal, 166, 172, 173; power teminal, 
166; traveler terminals. 169 
Terminal screws, 155; fitting wire to, 140, 
152 

Thawing out frozen pipe, 66 
Thermocouple, 258, 259; replacement of, 
260, 309 

Thermostats, bimetallic, 236, 237, 259, 

262, 272, 300, 301 

Thermostats in air conditioners, testing 
and replacing, 332 

Thermostats in heating systems, 300-303; 
calibration of, 303; checking for defects, 
303; clock thermostat, 301; open- 
contact. cleaning of, 302 
Thermostats in large appliances, 256; 
checked with continuity tester, 257. 263, 
274, 277; in clothes drier, and how they 
work, 272, 273, 274, 275, 277; in cooking 
ranges, 288. 289, 291; in refrigerator- 
freezer, 282, 284 

Thermostats in small appliances, 181, 232, 
236-237; bimetallic blades and discs, 
232-233, 236, 237; heat-sensing probe of, 
236; multiple-setting, 237; problems 
with, 233; replacement of, 233, 246; 
single-setting, 236 

Thermostats in water heaters, 258-265; 
how they stop and start burners, 259, 
261; safety cutoff thermostat, 259; test of, 
263 

Threaded couplings for rigid conduit. 

139 

Threaded pipe. 80; connected to copper 
tubing, 80, 81, 82. 83; joining CPVC 
rigid plastic to metal pipe, 65; proper 
use of wrenches with, 62-63; removal 
and replacement of section of, 62-63; 
sealing the connections. 62-63: union 
coupling used with, 62-63 
Three-slot grounded receptacles. 172 
Three-way bulb and socket, 155 
Three-way switches, 168-169; cables for, 
168, 169; paths of current in. 168; two 
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common methods of wiring, 168, 169; 
wiring a light hetween two switches, 
169; wiring a light heyond two switches, 
169 

Timer. 24-hour. 217, 301 

Timing controls, 14, 17. 20. 256; easily 
damaged, 14; life span of, 17 

Tipping-valve faucet, 76; special repair kit 
for, 76 

Toaster(s): cord for, 138; early, 14-15; 
element of, 232, 235, 240, 241; finding 
hidden retaining screw, 184; kwh 
consumed, 131; life span of, 17; 
troubleshooting, 241 

Toaster-oven, 242 

Toggle holts. 31 

Toilet(s). 96-103; ancient, 41; new types of 
mechanisms for, 100; one-piece, 69; 
reverse-trap type, 69; siphon-jet type, 69; 
troubleshooting, 96; wash-down type, 

69, 101. See also Toilets, working on; 
Toilets with pressure flush valves; 
Toilets with tanks 

Toilet (or closet) auger, 50; use of, 

101 

Toilet problems, 96; clogged howl 
ports. 96; clogged traps, 101; 
condensation on tank, 96; inadequate 
flushing, 96; leak at pressure-valve 
handle, 103; leaking intake valve, 98, 
100; water leaking from tank or howl, 96; 
water running continuously into howl, 
96, 98. 99 

Toilets, working on: adjusting or replacing 
float mechanism, 96, 98; aligning tank 
hall, 96, 98; insulating tank, 96; new 
type of hall-cock unit. 100; reaming 
howl ports, 96; repairing or replacing 
hall cock, 96, 98, 99, 100; replacing 
handle parts of pressure valves, 103; 
replacing parts of diaphragm flush 
valve, 103; replacing tank hall, 96, 98; 
scouring valve seat, 96, 98; unclogging 
traps, 101; using auger, 101; using 
plunger, 101 

Toilets with pressure flush valves. 

102-103; diaphragm-type, 102-103; 
piston-type, 102-103; repair of 
valves, 103; where used. 102; working 
on. 103 

Toilets with tanks: hall-cock assemhly of, 
96. 97, 98, 99, 100; new types of parts 
for. 100; repairs. 96, 98-99, 101: tank 
hall of, 96, 97, 98; troubleshooting, 96. 
See also Toilet prohlems; Toilets, 
working on 

Tools, hasic home tools, 24-33; for 
electrical work, 24.133, 136-137; 
insulation of power tools. 32. 144; for 
plumhing, 24, 42, 48-51; proper use of, 
25; quality in. 24-25; rental of. 42. 48-49. 
50-51; storage and maintenance, 25. See 
also Basic home tool kit; Electrical tool 
kit; Plumhing tool kit 

Toothhrush, cordless, 230; kwh consumed, 
131; rechargeahle hattery of, 230. See 
also Dental irrigator 

Top-hat faucet stem, 71; assemhly of, 73; 
replacing diaphragm of, 72-73. See also 


Faucet stems; Stem faucets 
Transformer, 124,125. 126-128; in hattery 
recharger. 209; checking output 
terminals of, with low-voltage tester, 

179; how it works. 127-128, 177; 
primary and secondary coils of wire in. 
127, 177; step-down transformer. 128; 
step-up transformer, 127 
Traps. 37, 38, 40, 52-53; ancient, 41; 
hathtuh, 93; cleanout plugs of, 55, 90; 
collar of. 47; drainage of, 67, 90-91; 
function of, 37, 38, 52; house trap and its 
fresh-air inlet, 52-53, 54, 55; kitchen 
sink, 86, 87; lavatory. 89; P trap, 55; 
protected hy vents, 38; removal of, 89, 
91; under plumhing fixtures, 52-53, 55, 
67, 86-87, 89; use of antifreeze in, 67. 
See also Vents 

Traveler terminals and wires, 168, 169 
Triac full-range dimmer, 170-171. See also 
Dimmer switches 
Trip-lever drain, 93; getting at, 93 
Troubleshooting charts: air conditioners, 
333; attic fans. 337; hasehoard electric 
heaters, 325; clothes driers, 277; clothes 
washers, 271; coffee makers. 245; 
dishwashers, 281: doorhells and chimes, 
179; electric ranges, 293; electric water 
heaters. 265; fluorescent lights, 163; 
food mixers, 201; garhage disposers. 
213; gas hurners, 309; gas ranges, 290; 
gas water heaters. 260; hair driers and 
stylers, 253; hot-water heating system, 
319; power lawn mowers, 250; 
refrigerators, 287; sewing machines, 
227; small motors, 195; steam heating 
systems, 323; steam and spray irons, 
249; stem faucets, 70; tank toilets, 96; 
toasters, 241; warm-air hlower, 315; 
warm-air heating systems, 313; water- 
supply systems, 117 
Tub-shower diverter valve, 92 
Tuh and shower plumhing. See Bathtuh 
and shower plumhing 
Tuh-spout diverter, 92 
Tuhe hender, 51, 58 

Tuhe cutter, 51; reamer on, 51, 58; use of, 
58, 64 

Tuhe sealant, 51; pipe-joint compound. 51, 
62. 63, 74, 83; plastic joint-sealing tape, 
51, 62, 63; wicking, 51. 62. 63 
Tuhing, copper. See copper tuhing 

U 

Unclogging drains, 40. 90-91, 93; hathtuh 
drain, 90, 93; clearing the trap, 90-91; 
drain hranch, 91; drainpipe running 
heyond wall, 91; limitations of chemical 
cleaners, 91; main house drain, 90; 
single drain. 90; using auger. 50. 90, 91. 
93; using plunger. 50. 90 
Unclogging toilet trap, 101 
Underwriters’ knot, 152, 154 
Underwriters’ Laboratories, Inc., 133, 

152 

Union coupling for threaded pipe, 

62-63 

Universal motor: hasic assemhly. 190; 


replacement of carhon hrushes, 188,190, 
195; troubleshooting. 195; where used, 
190. See also Motors 

V 

Vacuum cleaner(s), 218-221; canister-type, 
219; early, 14-15; hose and attachments 
of. 219, 220, 221; kwh consumed, 131; 
prohlems with, 220; tank-type, 219; 
upright-type, 218, 220-221 
Valve(s): hypass valve, 102. 103; check 
valves, 52-53, 55. 115; of deep-well 
ejector unit. 112; discharge valve, 115; 
foot valve. 112; of gasoline engine, 344- 
345; gate valve used as main shutoff 
valve, 55; glohe valves, 55; of hot-water 
heating system, 316, 317; mixing valves, 
69, 267; of piston pumps, 115,117; relief 
valve, 258, 261, 262; solenoid safety 
valve, 258, 259, 272; suction valves, 115. 
See also Diverter valve; Shutoff valves 
Vent(s) in drain system, 38, 40, 52-53; 
ancient, 41; functions of, 38; for house 
drain, 118; plumhing codes and, 39; 
stack vents, 40, 52-53, 54 
Ventilating fans, 336-339; attic fans. 336- 
337; exhaust fans. 338-339; kwh 
consumed, 131; range hoods, 339; roof 
fans. 336, 337 

Venturi, of jet pump. 112,113 
Vise, 30 

Volt(s), 125; amperes, watts and, 126, 

135 

Voltage, 125; controlled hyhallast of 
fluorescent fixtures, 159, 161; effect of 
length and size of wire on. 127; high, for 
start of instant-starting fluorescents, 
161; increases in. 127, 128; 120-volt 
power, 125, 128, 129-130, 146; required 
in today’s home, 146; transformer and, 
127, 128; 240-volt power, 125, 128, 130, 
146; ups and downs in, 125.128; voltage 
adjusters used hy travelers, 128; 
worldwide variations in, 128 
Voltage drop, 127, 129; effect of. on motor, 
127 

Voltage tester, 137, 142, 143, 145, 262, 324 

W 

Waffle cookers, simple heating coils in, 
and replacement of. 234, 238 
Warm-air system. See Forced-warm-air 
systems 

Warranty (or guarantee), 16,19; difference 
hetween ’’defect” and ’’damage” in, 19; 
implied, 19; Major Appliance Consumer 
Action Panel and, 19; and repairs, 16. 

19; terms of, 18. 19; written, 19 
Wash-down toilet, 69; unclogging of, 101 
Washer(s), 35. 49; fiher, 49; keeping small 
stock of. 42; metal. 86, 87; packing 
washers, 49, 70, 71, 75; removal and 
replacement of. in stem faucet, 46, 72- 
73, 94, 95; ruhher, 86, 87; stem-nut, 73. 
See also Faucet washers 
Washer retainer, 73 

Washer screw, head of, snapped off, 47 
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Washing machines. See Clothes washer; 
Dishwasher 

Waste disposal. See Sewage-disposal 
systems 

Water: groundwater, 105; little or no water 
from pump, 117; shut off when making 
repairs, 14, 42, 80; spurting from faucet, 
117 

Water, hard. 105-106; effects of, 106. See 
a/so Water softener 
Water-bag tank, precharged, 106 
Water filters: changing cartridges in, 56; in 
city water-supply system, 36; how they 
work, 56; installed on main supply line, 
56; installed on pipe serving kitchen 
sink, 56; parts, 56 

Water hammer, 38, 66. 67; prevention of, 

67 

Water heater(s), 258-265; kwh consumed, 
131; relief valve of, 258, 261, 262; 
sacrificial anode of, 258, 262. See a/so 
Thermostats in water heaters 
Water heater, electric: heating element. 

262, 264-265; troubleshooting. 262-265 
Water heater, gas, 258-260; how burner 
stops and starts, 259; igniting pilot light. 
259; parts, 258, 259; repairs, 260; 
solenoid valve of, 258, 259; 
thermocouple, and its replacement, 258, 
259, 260, 309; thermostat of, 258, 259, 
260; troubleshooting, 260 
Water heater, oil-fired, 261 
Water-level switches, 256, 266 
Water mains, 36 
Water meters, 38, 52-53, 54 
Water pressure, 37, 52; building up. 37; in 
city water-supply system, 37; drop in, as 
cause of back-siphonage, 45; fluctuation 
in, as indicator of waterlogging, 116; 
low, at faucet spout or at nozzle of spray, 
84-85; and pressure flush valves, 102, 
103; pressure tanks and. 107, 110, 113; 
with private well, 37. 106; problems 
caused by, 38; role of the "head” in, 37 
Water problems in wells. See Well 
problems 

Water pumps, 107; house for, 112; intake 
of. 112, 117; motor problems of, and 
solutions for, 117; overworked by heavy 
water consumption, 117; prime in. 117; 
troubleshooting, 117. See a/so Jet 
pumps; Piston pumps; Pressure switch; 
Prime; Submersible pumps; Water 
pumps, working on; Water supply, 
independent 

Water pumps, working on, 117; checking 
electrical circuits and replacing worn 
parts, 117; cleaning intake and pump, 
117; repair or replacement of motor, 117; 
repriming pump. 117 

Water softener, 56, 57, 92, 106; brine tank 
of. 57; mineral tank of. 57; parts of, 57; 
some harmful effects of, 106 
Water supply, independent, 104-105; 
faulty electrical circuit in, 117; 
groundwater, 105; life span of system, 
116; troubleshooting, 117; water table 
and, 105, 108-109, 112. See also 
Pressure tanks; Water pumps; Wells 


Water supply line, household, 38, 

52-53; water filter and water softener 
connected to. 56, 57 
Water-supply systems, city: ancient, 41; 
steps in removal of impurities, 36; water 
pressure in, 37 

Water table. 105, 108-109, 112 
Waterlogging, in pressure tanks, 106, 107, 
116; precharged tanks for prevention of, 
106, 107; recognition of, 116; solution 
for, 116, 117; valves and vents for 
correction of, 106, 107, 112, 114, 115 
Watts, 125-126; amperes, volts and, 126, 
135. See also Kilowatt hours 
Well(s), 108-109; bored wells, 108-109; 
construction of, 105; determining type 
to be used, 108, 109; drilled wells, 108- 
109; driven wells, 108-109; dug wells, 
108-109; keeping sand out of, 109; 
pressure tank for use with, 37, 106; 
problems, 105-106; redrilling, 106; 
structure of, 105, 109; testing of, 105; 
underground layers and, 108-109; and 
water-supply systems, 105; water table 
and. 105, 108-109, 112. See a/so 
Pressure tanks; Water pumps; Water 
supply, independent; Well problems; 
Wells, deep; Wells, shallow 
Well casing, 105 

Well drilling, professional, 105, 109 
Well log, 105 

Well problems, 105-106; acid water, 106; 
bacteriological contamination, 105; 
excessive mineral content, 105; hard 
water, 105-106; insufficient yield, 106. 
See a/so Water, hard 

Wells, care of: chlorine treatment of, 105; 
neutralizing acid in water, 106; 
redrilling wells. 106; use of oxidizing 
filter, 105; use of water softener, 106. See 
a/so Water softener 

Wells, deep, 105, 108-109; jet pumps for, 
112, 113; need for, 109; piston pumps 
for, 114, 115; submersible pump for, 
110-111 

Wells, shallow, 105, 108-109; bored well, 
108-109; drilled well, 105, 108-109; 
driven well, 108-109; dug well. 1&5, 
108-109; jet pump for, 113; piston pump 
for. 114, 115 

Western Union splice. 141 
Wicking, 95; use of, with pipe-joint 
compound, 51, 62, 63 
Wire(s): buried in ground, or in damp 
areas, 138; classes of, 138; color coding 
of, 138, 139; effect of length and size of, 
on loss of voltage, 127; for extra 
protection against moisture and 
physical damage, 139; ground wire, 129- 
130, 138, 139; grounding of white wire, 
129; for heavy use in kitchen and 
laundry, 138; for indoor use only, 138; 
for outdoor use, 139; sheathing of, 138; 
sizes of, by gauge number, 138; splicing 
of, 140-141; stripping insulation from, 
140, 141; traveler wires, 168; for use at 
service entrance, 138; used on power 
tools and outdoor equipment, 138; 
working with. 140-141. See a/so Cables, 


electrical; Conduit, electrical; Cords, 
electrical; Ground wire; Resistance wire; 
Splicing; Wire, working with 
Wire, color coding of, 124, 129, 130, 132, 
138, 139, 166, 172, 173; black hot wires, 
129, 130, 132. 138, 139, 142, 143, 166, 
167; function of black wire, 129; 
function of white wire, 129-130; green 
wires, 132, 138, 166; red hot wires, 130, 
132, 166, 167, 173; white hot wires 
marked black, 134-135, 166, 167, 169; 
white neutral wires, 129, 130, 132. 134, 
138, 140, 142, 143, 166, 167. See a/so 
Ground wire 

Wire, working with: fitting wire to 
terminal screw, 140-152; grounding of 
white wire, 129; rewiring lamp, 154; 
safety rules for, 142; safety tests. 142, 
143; selecting right-sized wire for 
extension cords, 127; shock and its 
prevention, 142, 145, 343; splicing, 140- 
141; spotting errors, 134-135; stripping 
insulation from wire, 140, 141; tying an 
Underwriters’ knot, 152; using electrical 
tape, 141; wiring an extension cord, 152- 
153; wiring switches, 166, 167, 168, 169, 
170. See a/so Connectors, electrical; 
Extension cords; Plugs, electrical; 
Receptacles, wiring of; Splicing 
Wire caps, 137, 140, 142 
Wire cleaning brush, 28, 51, 60 
Wire stripper and crimper, 137, 140, 187 
Wiring, surface. See Surface wiring 
Wrenches, 48-49; adjustable, 27, 43, 48-49; 
Allen wrench, 27, 78; basin wrench, 48- 
49. 80, 81; double-wrench technique, 47, 
62; monkey wrench, smooth-jawed, 27, 
43, 48-49; pipe wrench, tooth-jawed, 43, 
48-49; proper use of, on threaded pipe, 
47, 62. See a/so Seat wrenches; 

Socket wrenches 
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This is a book that will save you hundreds of dollars-and you 
will also have the pride and satisfaction of solving most home- 
maintenance problems on your own. 


ISBN 0-03-Q03b72- 
Rel: 0485:002450:50 


“Everyone should have a copy. It is the best single volume on 

home maintenance I have seen.” 

-J.D. Grew ell. The Washington Post 

A faucet begins to drip. Why? What do you do? 

Why does the clothes washer gurgle and not whir? 

What can be done about a fuse that keeps blowing? 

• 

How do you prevent a flood when a pipe springs a leak? 

What if your oil burner stops when it shouldn’t? 


When these and other home-maintenance mishaps inevitably occur, you 
can search for a hard-to-find repairman who charges at least $25 a call-or 
you can turn to the pages of this up-to-date, all-inclusive, authoritative, and 
simple-to-use handbook. 

Featuring hundreds of clear illustrations, this volume was created by 
Time-Life experts to show you precisely how things work in your home and, 
when they break down, how to fix them safely, easily, and correctly. 

With only a few simple tools and no special skills, you can replace a mal¬ 
functioning switch or broken socket, install or repair a doorbell or chime, 
and even change over entirely from incandescent to fluorescent light. You’ll 
find everything you need to know about: 


Working with pipes and fixtures to solve problems with faucets, 

sinks, drains, showers, toilets. 

• 

Taking the guesswork out of home wiring. 

• 

Fixing small appliances like blenders and mixers, can openers, electric 

knives, vacuum cleaners. 

• 

Diagnosing and solving problems with clothes washers and driers, 

dishwashers, refrigerators, and cooking ranges. 

• 

Getting the most out of your powts lawn mowers, shrub and grass 
cutters, chain saws...and much more. 


















